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Preface 
One of t he  greatest potential economic effects of air pollution and regional acidifi- 
cation i s  tha t  on forests.  The Regional Acidification INformation and Simulation 
(RAINS) model developed by this Project  has submodels dealing with the  acidifica- 
tion of forest  soil and of direct  effects of SOZ on forest  vegetation. This l i terature 
survey, financed primarily by HAPRO, the  Finnish Research Pro jec t  on Acidifica- 
tion, takes an  important f i r s t  s tep  in examining the  methodologies f o r  evaluating 
the  economic effects of a i r  pollution on forests,  and gives some preliminary esti- 
mate f o r  t h ree  European countries. It  i s  possible that ,  in t he  future,  predictions 
of biochemical effets by environmental models such as RAINS will be linked with 
economic data  t o  give predictions of t h e  economic effects of regional a i r  pollution. 
Roderick W. Shaw 
Leader 
Acid Rain Project  
The f i r s t  discussions about man's disturbance of t he  environment were made in t he  
lQ5O's. Some national economists point out that  t h e  c r i ses  in forestry also demon- 
strates a crises of t he  economy in tha t  t h e  high value of our ecological resources 
have not been taken into account by mankind. The reawakened interest  of t h e  na- 
tional economists with regard  to fores t ry  and timber economics as a p a r t  of t h e  en- 
vfronrnental economy i s  a welcome and important development. However. i t  is  
sometimes difficult f o r  t h e  national economists and t h e  fores te rs  to understand 
each other.  The national economists are used to thinking in t h e  l a rge r  context of 
t he  total economy. In contrast,  t he  foresters  often concentrate on problems of 
the i r  individual enterprises.  However, t h e  cr is is  of fores t ry  damage demands that  
t h e  disciplines of fores t ry  and national economy both become more involved with 
each o ther ,  especially in dealing with the  problems due to novel fores t  decline 
from a i r  pollution. Political decisions should be  based not only on fores t  economic 
fac tors  but also on national economic factors.  
In the  1980's, many studies in t he  European countries have been published 
about t he  economic effects in fores t ry  due to a i r  pollution. They can be divided 
from the  economic point of view into t h r e e  categories: 
1. National economic studies in different countries; 
2. Forest economic studies fo r  individual enterprises; and 
3. Timber economic studies. 
The national economic studies vary due to  t he  different national s t ruc ture  of 
fores t ry  in each country. For example, in t he  Federal Republic of Germany, the  
recreat ion function has  a high value. In Switzerland, t he  protection function 
against mountain tor ren ts  and avalanches gives r i s e  to  la rge  estimates of the  costs 
of fores t  decline, and in Austria tourism and timber production are especially im- 
portant.  
Tcrble I summarizes t h e  estimated total costs (in round numbers) of fores t  de- 
cline due to a i r  pollution, divided in use-sectors in FRG and Switzerland. In t h e  
Federal Republic of Germany (Ewers st d., 1986). t he  total monetary damage w a s  
evaluated f o r  a time period of 77 yea r s  (1983-2060), and the  additional residual 
damage taking into account recovery was calculated f o r  an equal time period 
resulting a f t e r  2060. The damage in t he  FRG was divided into t h r e e  subsections. 
The fores t ry  subsection includes, f o r  example, an estimate of t h e  loss of growing 
stock, difference in stand value, costs due to culture and conversion, management 
and fertilizing costs. The recreat ion subsection includes, f o r  example, loss of use 
by local and distant visitors, loss of optimal utilization and income loss in t he  tour- 
ism economy. In t he  water and soil subsection, changes due to fores t  damage in t he  
extent,  in temporal distribution and quality of t h e  run-off from forested catchment 
a reas ;  in addition, possible damage in t he  a r e a  of soil erosion and increased 
avalanche danger has  to be  considered. 
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Table L Estimated total monetary damage in the Federal Republic of Germany (2% 
discount rate, from Trend-Scenario to Status-quMcenario; and in Switzerland in 
DM per  total forest a r e a  and DM per  inhabitant. (All data rounded.) 
lXi/ha LMI/ihhabitant 
Federal Republic ~ s n d i  s ta tus-quo2 wend2 ~ t c r t u s - q z ~ o ~  
QtGf- -n~  Scencrtio Scenario  Scenario  Scenario  
Forestry 11000 - 16000 1400 - 1900 
Recreation & leisure 15000 - 30000 1800 - 3500 
Water & soil 1500 - 2500 180 - 300 
Total 28000 - 50000 3000 - 6000 
Forestry 
Protection (against mountain 
torrents  and avalanches) 
Additional damages 
Total 
1. Trend scenario. Reduction of SO, with 40% and NO, with 30% until 1991. From 1991 to 
2060 emissions will reach 25% SO, or 35% NO, to the level a t  the beginning of 1sSO's. 
2. Statusquo scenario. A level of emissions was assumed which oorresponds to the 
level a t  the beginning of 1980's. 
In Switzerland (Basler et a l . ,  1986), on one hand, the total direct costs due t o  
forest decline a r e  calculated for  a time period from 20 to  40 years. On the  other 
hand, costs fo r  measures and adaption concerning different economic sectors and 
inhabitants will result f r o m  increased natural dangers. These costs a r e  described 
in a form of employment and factor  income losses, which will mainly be  taken c a r e  
of by enterprises and private persons. The income losses in different economic 
sectors cannot be directly compared with the  damage costs mentioned above be- 
cause of a limited time period of interpretation. The income losses can only partly 
be understood as a negative effects affecting the different branches o r  regions. 
In Switzerland, the  direct  costs of forest damage are described in the  subsections 
fo r  forestry, protection against natural danger and additional costs like damages 
to people and buildings due to increased natural danger. 
In Austria, only annual total monetary damages could be  calculated. In the 
f irs t  published study in Austria (Schiinstein and Schiirner, 1985) the  monetary 
damage due to air pollution includes that on forestry involving, fo r  example, loss 
of growing stock , additional costs in conversion and cultural measures, manage- 
ment and fertilizing costs, etc. The possible costs of protection against mountain 
torrents  and avalanches are also included. Loss of tax income is  also estimated, 
but the  importance of the  recreation function has not been evaluated. In a m o r e  
recent  national economic study in Austria (Puwein, 1987) the  value of tourism and 
recreation i s  included resulting in higher costs due to forest decline than was cal- 
culated in the  early study of Schiinstein and Schiirner (1985). 
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In Austria, the  total evaluated annual monetary damage would be  around 0.64 
milliard DM according to the  1985 study and about 3 milliard DM in the  1987 study. 
In Switzerland, the  annual damage varies from 2.2 to 1.5 milliard DM. In the  
Federal Republic of Germany, t he  annual monetary damage varies  from 5.5 t o  8.8 
milliard DM under t he  assumption of a discount rate of 2%. Expressed in percen- 
tage of total  gross national product t he  estimated monetary damages vary in these 
th ree  wun t r i e s  from 0.3 to 1.5%; an  average of 0.6 to 0.7%. 
The total monetary damage depends on the  assumed discount rate. In Switzer- 
land, t he  authors  used 0%. In this  case the  residual damage was not added. In the  
Federal Republic of Germany, discount rates in t he  range of 0, 1, 2 and 3% were 
used. In this  case the choice of t he  discount rate and the assumption of the  mone- 
tary damage w a s  left  open also to t h e  decision-makers. Using a discount rate the  
time component of forest  decline will be  considered. The costs of forest  damage in 
different years  will be  determined with a rate of interest  set down. Ewers et al. 
(1986) mentioned as realistic t he  so-called real discount rate in an  amount of 2%; 
rea l  discount rate means the  difference between the  nominal interest  and the  infla- 
tion rate. However, in t he  case of severe  environmental damage a discount rate of 
0% should be applied, since the  value of the environment in the  future is to b e  
valued t o  be as high as t he  present.  
Although the  national economic effect of forest  decline would not be  catas- 
trophic,  the  effects of forest  decline on small enterprises  can be  devastating. The 
growing stock and the  annual growth increment of trees will be  reduced. The in- 
c rease  of costs in forestry and forest  management will be  considerable. The public 
will be  m o r e  obligated to support the  forestry.  
The development of t he  timber market cannot be predicted fo r  a long period. 
All studies predict an  increased timber supply and a fall fn timber pr ice in t he  
near  future as a resul t  of t he  damaged timber. However, a slight restructuring in 
the field of export-import would result. 
Although the  monetary evaluation of environmental and especially forest  dam- 
ages has began, t h e r e  are a number of theoretical, methodological and practical 
problems t o  solve. In the  near  future i t  will be  essential to emphasize the  impor- 
tance of the  benefit of protecting ou r  environment. 
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Economic Effects of Forest Decline Due to Air Pollution. 
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Aino-Marjatta Metz 
1. Introduction 
Man has been forced to accept  tha t  h e  has endangered his own existence through 
his excessive demands on nature.  The shortage of natural resources forces  him t o  
make difficult choices. Clean water has become scarcer. Air pollution causes hu- 
man illnesses which, in turn,  causes increased costs f o r  national economies. The 
situation with trees and the  forests  is similar. 
The monetarisation of benefits of nature,  which up to now have been assumed 
to be  f ree ,  has  now begun. New methods of evaluation have been developed. Stu- 
dies have been car r ied  out on how the  damage due t o  pollution can be  evaluated in 
terms of fores t ry  and forest  economics and the i r  different functions. 
In t he  opinion of Schulz (1987) t h e r e  has been too much discussion in t he  past 
only about t he  costs of environmental maintenance. This i s  t he  wrong way of look- 
ing at t h e  problem. The real point is t he  advantages tha t  can be  gained from pro- 
tection of t he  environment. In the  light of t he  damage to nature and property 
which can be  avoided, environmental protection can yield benefits f o r  ou r  national 
economy. Environmental economists do not demand tha t  all emissions should be  
avoided but tha t  a measure of avoidance be  exercised in which the  cost of the  
avoidance of the  last unit of harmful substance i s  just compensated f o r  by the  
benefit of t h e  avoidance. The advantage of a reduction in emissions is tha t  the  
damage resulting from emissions can be  avoided (Ewers et d., 1986). This att i tude 
of a basic denominator of use instead of the  ear l ie r  one of cost i s  a new one and 
puts the  evaluation of the  measures enacted f o r  t he  protection of t he  environment 
into a completely different light. 
National economists have, f o r  a long time, worked on the  assumption tha t  na- 
t u ra l  ecosystems are stable (Thoroe, 1984). Furthermore, fores t  economists were 
f a r  from a comprehensive economic attitude and were intensively engaged with 
the i r  management problems. They thus failed to consider t he  numerous external  
effects  outside the i r  business. A stronger  cooperation i s  required between nation- 
al and fores t  economists since fores t  decline i s  a n  consequence of t he  modern 
economic processes and is contingent on economic considerations. Accordingly, 
political decisions must have a basis in fores t ry  and economics (Bonus, 1984). This 
requires ,  however, new ways of thinking to evaluate all t he  consequential costs t o  
t h e  fo re s t  economy. Only in this  way can a basis be  found f o r  justification of t he  
benefits of conservational measures. 
This study concentrates on the  published l i t e ra ture  of t h r e e  central  European 
countries. In the  Federal Republic of Germany, Austria and Switzerland, separa te  
national economic evaluations of t he  extent of forest  damage have been made. I t  is  
intended to look at t h e  problem of economic environmental evaluation on the  basis 
of published materials. Ethical principles and the  development of man's attitude t o  
ecology will b e  discussed. The relationship between ecology and economy will also 
b e  looked at on the  basis of published l i temture.  Finally re ference  will be  made to  
forest  decline and i t s  significance f o r  the national economies of s o m e  central  Eu- 
ropean countries. Mention w i l l  also be  made of the significance of fores t  decline to 
individual enterprises  and to the  timber economy, based on published materials. 
The studies of t h e  monetary evaluation of forest  decline as a resul t  of a i r  pollution 
will be  summarised in o r d e r  to b e  ab le  to present a concise picture. 
1.1. Development of the forest decline situation 
Different types of forest  disease have been known since antiquity. Damage to the 
trees and fores t s  w a s  f i r s t  described in specialist fores t  l i t e ra ture  in 1845 
(Rettstadt cit. by Wentzel, 1985; 1987). About 140 years  ago Rettstadt described 
the  'sulfurous' acid and metal dust as the  cause of the  poisoning of forests,  people 
and animals. Smoke damage w a s  f i r s t  dealt with in t he  textbook 'Der Forstschutz' 
1878 by Professor  Richard He@. In addition, t he  book 'Damage to vegetation by 
smoke and t h e  Upper Harz hut smoke damage' by Professor  Julius von Schriider 
and chief fores t  officer Carl Reup w a s  published in Berlin 1883. The authors  in- 
vestigated 4500 hectares  of damaged forest,  of which many hundreds of hectares  
w e r e  totally b a r e  on t h e  basis of visual evidence of the  stock and on chemical nee- 
dle analysis divided into t h r e e  categories of damage. A s  a resul t  of this investiga- 
tion detailed maps of damage w e r e  produced. The authors s t ressed the  major im- 
portance of avoiding pollution of the  air .  They categorically rejected the  immedi- 
ate construction of higher chimney s tacks with the  observation that,  'in moun- 
tainous areas t h e  smoke masses not only reached t o  t he  forest  stands on the  moun- 
tain slopes, but also into the  valleys where they mix with the  low cloud and thus 
damage both areas' (Wentzel, 1985). 
Ten years  later t h e r e  were fu r the r  publications in which, among o the r  things, 
Reup (cit. by Wentzel, 1985) showed tha t  a chronic emissions effect produced a 
stronger  susceptibility of t he  fores t  t o  natural dangers. Thus, approximately 100 
years  ago t h e  intemction of weather conditions and parasitic disease w a s  esta- 
blished. His observations concerning mining and industry were however legally 
challenged, and Reup lost his case in the courts.  In the  90 years  following 1880, 
approximately 20 fu r the r  monographs and textbooks dealt  with t he  problem of em- 
ission damage. A s  early as 1872, a textbook entitled 'Acid Rain' by Professor 
Robert August Smith appeared in London (Wentzel, 1987), giving birth to t he  wel l  
known environmental term. 
In more mountainous countries such as Austria and Switzerland, catastrophies 
and fores t  destruction have been experienced f o r  many years.  Reports from Tirol 
claim that between 1750 and 1830 the fores t  destruction due to anthropogenic 
causes was very high. On top of t h e  damage cawed by water run-off. which w a s  out 
of control, there was damage caused by avalanches. If 70Z of t he  avalanches 
recorded in t h e  land reg is te r  break away below the  natural treeline, the i r  
triggering moment will  m e a n  a n  anthropogenically caused destruction of t he  forest  
in t he  protection fores t  area (Jobst and Karl, 1984). 
According to Stolz (1988) t h e  present  state of forests  cannot be  explained 
without re ference  to historical facts.  In his opinion it is quite possible that t he  
laymen can  easily learn from positive o r  negative pr ior  experience. In Switzer- 
land the  floods of t he  1830's made no significant improvement in t h e  learning pro- 
cess concerning the  protection of forest;  however, t he  flood catastrophe of 1868 
gave r i s e  to a public concern which finally gave birth to fedeml  legislation on 
forestry.  Stolzms calculations show that t he  damage of 1868 amounted to 2.2Z of the  
net national product. The causes w e r e  no surprise to  the experts  who had much 
earl ier  drawn attention to the connection between the overexploitation of forests 
and the dangers of runoff. 
The over-exploitation in Swiss forests w a s  followed by afforestation and con- 
servation, and a trend to manage forests on too small a scale. Just as this trend 
began to change as a result of a change in forest policy, and the forestry problems 
s e e m e d  to be solved, the  forest economy began to be threatened by forest  damage 
due to pollutant emissions. This 'sudden' appearance is  seen by Stolz r a the r  more 
as insidious; the  analysis of the  annual rings led to the assumption that the  level of 
harmful substances had. in the  1950's. already exceeded those limits beyond which 
the  trees began to suffer damage. 
The expression 'novel forest damage' has been introduced in the Federal 
Republic of Germany. According to the  Forest Decline/Air Pollution Research Ad- 
visory Board to the  Federal Ministry fo r  Research and Technology, 'novel' 
describes the  geographically widespread nature of the  symptoms of damage to indi- 
vidual types of trees which almost simultaneously (i.e., wlthin only a few years) ap- 
pear  on many types of trees, as w e l l  as the rapid spread and chronic nature of the 
disease. In contrast, Wentzel (1987) maintains that the  widespread nature of the 
damage is, however, only new in the western par t  of the large central European 
area. Research has revealed this simultaneous appearance on many species of 
trees fo r  over  100 years, and the chronic nature of such decline has been known 
even longer as characteristic of forest decline due to emissions. The following 
section briefly discusses further  possible causes of novel forest  decline. 
1.2. Possible causes of novel forest decline 
It  is widely recognized that  harmful substances in the  a i r  are the  main cause of 
novel forest decline. The externally identifiable damage is so manifold and confus- 
ing that i t  is  difficult to form a complete picture of the phenomena. They vary ac- 
cording to the  type of emission, weather, humidity, exposure, solar intensity, type 
of soil, altitude, tree species, etc. Articles about the possible causes of forest de- 
cline have, f o r  example, been published by Prinz (1987) and Krause et al. (1986). 
According to Gesellschaft fiir Strahlen- und Umweltforschung (GSF) (Anon., 1987) 
one can distinguish, fo r  example, between the following hypotheses, which have 
been only partly confirmed: 
acidification of the soil 
p hoto-ox idants 
leaching 
nitrogen 
stress hypothesis 
radioactivity 
triethyllead 
halogenised hydrocarbons 
other  organic compounds. 
1 )  The acidification hypothesis is  maintained m o s t  strongly a t  the  University 
of GZittingen in the FRG (Ulrich, 1981. 1983; Matmer s t  d., 1985). The extent of 
soil acidification depends upon the  one hand on soil buffering capacity and on the 
other hand on t h e  deposition of acid from the atmosphere. This leads to the mobili- 
sgtion of nutrients which, due to reduced root  mass, are unavailable to plants and 
are washed out. Toxic aluminum ions are mobflised. This hypothesis appears  to be  
valid f o r  weakly buffered soils. 
2) Photo-oxidant damage means direct  damage to t he  p a r t  of t he  plant above 
the  ground surface by gaseous or dissolved peroxide, whereby ozone ac t s  as the  
indicator substance. Other peroxides are peroxyacetylnitrate (PAN) or H202. 
Membrane damage and even necrotic spots lead to stronger  washing out of t he  nu- 
t r ient  elements from t h e  needles and leaves. The photo-oxidant hypothesis has 
gained in importance and is maintained f o r  example by Krapfenbauer (1988a, b) 
and Prinz (1985). In o r d e r  to come to grips with this particularly difficult aspect  
of a i r  chemistry, a project  group set up by the  Bavaria S ta te  Ministry to research  
the  effects of substances harmful- to t h e  environment (PBWU) has  developed the  
concept f o r  t he  Alpine Research Center on Mountain Wank (Bayer. Staatsforst- 
verwaltung, 1987). The photo-oxidants hypothesis w a s  intensively examined in la- 
boratory and open-top chamber experiments. A clear conclusion i s  still pending. 
This hypothesis seems to be  pertinent to the  higher elevations of t he  central  moun- 
tains and the  Alps (Anon., 1987). 
3) N o t  only acidic precipitation, but also SO2, ozone and o the r  peroxides, 
damages t h e  outer  wax layer  of t he  needles and leads to membrane damage as w e l l  
as damage in t he  stoma. This gives r i s e  to disturbance of transpiration, foodstuff 
losses and increased photosensitivity. This hypothesis is supported, f o r  example, 
by a t t l  (1987) and Hiittl (1987). On acidic soil poor in nutrients, this especially 
leads to calcium and magnesium deficiency, t he  older needles turning yellow and fi- 
nally dropping off. This hypothesis can b e  combined with the  previous one. 
4) The nitrogen hypothesis is based on the  fertilization effect of constantly 
increasing NO, emissions. A s  a consequence the re  is a noticeable increased- 
growth effect  in t he  t rees ;  however, on the o ther  hand, deficiencies develop in 
o the r  nutrients such as calcium, magnesium and phosphorous. Susceptibility to in- 
sec ts  increases and the  trees become more prone to f ros t  damage (e.g., Rehfuss, 
1983). Changes in t he  nitrogen conversion in t he  ground can lead to acidification 
and more serious washing out of elements. In par t icular  NO, can b e  damaging to 
plants in t w o  different ways in connection with o the r  substances: (1) when together 
with SO2 the  synergistic damaging effect i s  increased; (2) NO, are necessary initial 
products in t he  formation of ozones (Nieplein and Voss, 1985). Conclusive experi- 
mental evidence has not yet been produced fo r  this  thesis. 
5)  The stress hypothesis attempts to show tha t  t h e  different levels of harmful 
substances in t he  a i r  provide the  basis f o r  t h e  reduction in photosynthesis perfor- 
mance and assimilate transportation in t he  roots. Thus, t he  whole energy balance 
is changed and t h e r e  is also a reduced production of protective substances by the  
plants. The susceptibility to fu r the r  stress fac tors  is raised. 
6) According to some repor t s ,  forest  areas near  nuclear power stations 
display a higher grade  of damage than stocks located at a grea t e r  distance. How- 
ever ,  t h e  role of radioactivity has  not been proven in any case (Bundesamt fiir 
E d m n g  and Forstwirtschaft, 1987). This hypothesis has  alsa been refuted in 
t h e  studies of Hiittermann (1987) and Schepfer (1987). 
7 )  Tetraethyllead i s  mixed into leaded petrol  as an  anti-knock agent. I t  i s  
converted through t h e  burning process  or via U.V. light into triethyllead which i s  
toxic to plants. Since t h e  concentration of triethyllead remains below t h e  limits of 
toxicity, t h e r e  i s  no proof of accumulation in plants. 
8 )  The hypothesis concerning t h e  effects through halogenised hydrocarbons 
has also not yet  been confirmed. 
9) Organic chemicals are emitted in large quantities. I t  i s  suspected tha t  
among these substances t h e r e  are some compounds which are damaging to plants. 
This hypothesis i s  undergoing intensive investigation, f o r  example, in Bavaria. 
The causal agents of fores t  decline can b e  fu r the r  divided into d i rec t  and in- 
direct.  To t h e  former belongs a i r  pollution in the  form of SO2, NO, photo- 
oxidants, acidic precipitation, heavy metals, and organic oomponnds. lllso to b e  
included in the di rec t  agents are t he  increasingly influential flnorohydrogens, and 
t h e  cumulative effects of different a i r  pollutants (Bundesamt fiir Erniihrung und 
Forsbixtsuhaft,  1987). Under t h e  indirect influences w e  can find effects  above 
t h e  ground, changed element content in t he  organs of t he  plant, and fine s t ructural  
changes in t he  needles and leaves. To these w e  must also add the changed factors  
f o r  natural regeneration such as susceptibility to stress. Other influences damag- 
ing to t h e  fores t  are to b e  seen in t h e  biotic, climatic, and silvicultural influences. 
To the  last-mentioned belong the  overstocking and over-aging of fores t  growing 
stocks, which are partly to b e  seen as a problem of t h e  central  European forests  
(on this subject see Kuusela, 1987a, b). 
In Austria, discussions have been held on the  subject of the  possible causes of 
fores t  decline within the  framework of F'IW (Research initiative against fores t  de- 
cline). I t  has  been established tha t  t he  symptoms of forest  decline are correlated 
with a multiplicity of anthropogenic influences, ecosystemic reorganisation 
processes and natural environmental stresses. Investigations have revealed that  
t he  observed occurrences are not t he  same in every location, but r a t h e r  tha t  the  
form of t he  occurrence of forest  decline as well as i t s  intensity are strongly 
dependent on local circumstances. A number of pre-stresses are also mentioned, 
including removal of forest  l i t ter ,  forest  pasturing, and stress due to hooved game. 
The influence of forest  use, building of forest  roads, and the  vast building during 
t h e  post-war years  i s  also cited (Glatzel, 1987a. b). Weather stress is  cited as a 
cause of fores t  decline in Austria whereby i t  is  has  been shown that ,  in the  last 30 
years  on the  whole, d r y  years  have been more predominant than in t he  previous 30 
yea r s  (Richter, 1987). In summarising one can say tha t  main cause f o r  the  oc- 
cur rence  of t he  novel fores t  decline has not yet been identified. I t  i s  t o  be  hoped 
tha t  this fac t  will be  considered with the  appropriate  care as long as measures to 
restore damaged forest  stock and to prevent new forest  damage are being sought. 
1.3. Present state of forest decline 
TPrble 2 presents  basic data  such as total a rea ,  forest  a r ea ,  s t ruc ture  of ownership 
and percent  division of coniferous and deciduous trees in s o m e  cent ra l  European 
countries. The gross  national product p e r  inhabitant i s  also featured. Table 2 
presents  t h e  extent  of damage p e r  hec tare  shown in classes of damage (slight, 
moderate, and dying or dead) in some central  European countries according to 
Kuusela (1987a). I t  can be  seen from this  Information t h a t  in 1986 54% of t he  
fores t  area in Federal Republic of Germany, 102 in Austria, and 48% in Switzerland 
w a s  damaged. Altogether in these countries 4,412 million hec tares  w e r e  damaged 
of which some  134,000 hec tares  w e r e  dying or dead. 
Nilsson and Duinker (1987) have calculated the  volume of damaged stands in 
cubic m e t e r s  according to degree  of damage of coniferous or deciduous growing 
stock f o r  cent ra l  European countries. The authors  have also calculated the  rela- 
tionship between the  decline and the  growing stock and decline and the annual fel- 
ling ratio. They have also shown tha t  particularly in Switzerland, Austria, and the  
Federal Republic of Germany the  relationship of t he  decline to t he  growing stock 
Table 1. Basic data of t he  Federal Republic of Germany, Austria and Switzerland. 
F.R. G. Austria 53uttzerland 
Total area (million ha) 
Forest area (million ha) 
Inhabitants (million) 
Forest area (ha/inhabitant) 
S ta te  owned fores t  (X) 
Corporation owned fores t  (X) 
Private fores t  (X) 
Coniferous (X) 
Deciduous (X) 
G.N.P. 1986 (DM/inhabitant) 
Table 2. Extent of forest  damage due to a i r  pollution in the  Federal Republic of 
Germany, Austria and Switzerland (Source: Kuusela, 1987a). 
Damage class ( in  llXW ha)  
Dying or  
Country  Light Moderate dead Total 
F.R.G. 2424 1163 111 3698 
Austria 240 80 10 330 
Switzerland 295 76 13 384 
Total 2959 1319 134 4412 
Proportion of' 
tot& 
ezploitable 
closed forest 
X 
is  higher than the  average in Europe. This also applies to t he  relationship of de- 
cline to t h e  annual fellings in t h e  countries mentioned. The diverse methods of 
keeping records  in t he  different countries made a comparison between t h e  coun- 
t r i e s  r a t h e r  tennous and led in some cases to an  under-estimation and in o ther  
cases to a n  overestimation of the  damage situation. 
2. Evaluation of the Decline of the Environment 
2.1. The need for a more broadly-based anthropogenic environmental ethic 
Many scientists have concerned themselves with our  anthropocentric conception of 
the  world. The opinion has recently been voiced m o r e  and more that  w e  must begin 
to think in more complex interoonnections and that  our  pattern of thinking must 
change, i.e., w e  m u s t  effect a paradigm change (Capra, 1983 cit. by Bucher, 1984; 
Capra, 1986). Albert Schweizer formulated, quite radically, the  independent right 
of Nature. 'Ethic is  the  responsibility of unlimited extent fo r  e v e m i n g  that 
lives'. This radical ethic supercedes any rational thinking of the  industrial so- 
ciety; there  is no economic imperative which has priority over nature's right to 
Ufe. Nature's right to life is  only then able to evolve when mankind develops a new 
intellectual relationship to the  universe to conclude an inner peace with nature 
(Reiche ei QL., 1987). Kafka (1988) w a s  also concerned with the  symptoms of de- 
cline of our  world in his essay 'The l a w  of ascent' wherein, however, he  sees no 
reason to give up the  struggle against decline completely. According to him i t  will 
be possible with insight and judgment to  influence this decline. Bucher (1984) was 
of the  same opinion. He stated that  forest decline could be one of the  signs of the  
high level of instability of our  complex social system. This instability does not 
necessarily have to develop into chaos, but i t  could and must lead to a change in 
our  approach. In the  opinion of Reiche et aL. (1987) an economically based en- 
vironmental protection plan would be morally strong, but would remain politically 
weak since i t  could not prevail in a conflict with anthropocentrically based in- 
terests. A more widely-defined self-critical anthropocentrism would provide more 
effectiveness to  an environmental policy. In the eyes of Fiihser (1987) further  
'progress' is  only justified when, in the  sense of 'doctrine of budgeting', i t  serves 
in the broadest sense mankind, the environment, the present generation, and the 
following generation bet ter  than previously. O u r  technical potential s e e m s  clearly 
to be rushing way ahead of our  cultural, social and moral abilities. 
2.2. Ecology and economy 
One of the  f i r s t  oracles of the  threatening r ise in social costs and the  disturbance 
of the  environment w a s  Kapp (1979) in the  year  1950. Present experiences point 
to the fact that  w e  need new concepts and solutions in order  to stave ecological 
destruction, economic regression and social decline. Even in a liberal society 
where, according to Samuelson's maxim 'individuals preferences a r e  to count', 
t he re  is a duty to provide f o r  future generations (cit. by Hampicke, 1987). The ob- 
ligations to nature and the  environment only find their limit where the  costs are so  
high that, in the  light of the  norms of inter-generational justioe, they become an 
unreasonable expectation of the  present generation (Hampicke, 1987). The con- 
certed action of economy and ecology and vice-versa in the  field of primary pro- 
duction in economic and ecological systems have an especially great significance 
fo r  the  practical economy. Although as foresters  w e  are used to treating nature 
and the  forest as one ecological totality, because of the  unsatisfactory knowledge 
of the  infinitely complex network of connections and because of unrealistic, deter- 
ministic linear empirical methods. w e  are surprised again and again by the  exceed- 
ing of limits, and sudden collapse of equilibrium. In contrast the  economic 
viewpoint concentrates on the  rationale of economic principle. The compatibility 
with nature depends strongly on whether the models fo r  explanation and decision- 
making that  are used correctly portray the  connections with and within nature, 
and whether the  economic aims respect ecological limits (F'iihser, 1987). 
In the  opinion of Bonus (1984) the forest crisis demonstrates a crisis of the 
economy. He concludes that mankind has managed its ecological capital very inef- 
ficiently, and has squandered i t  because i t  failed to take into account the  high 
value of ecological resources. I t  is  not that too much economy has ruined our  
forests,  but r a the r  too little; the  same applies to our  ecosystems: 'our industrial 
system is embedded in a natural ecosystem, i ts  own existence depends on i t  and this 
fact  should have had i ts  influence on every single everyday economic decision'. 
In o r d e r  to understand the connection between economy and ecology and 
vice-versa, one must briefly consider the t w o  definitions. Economy re fe r s  to a sys- 
t e m  of rules (nomus) which have been developed f o r  expedient housekeeping (oikos 
= house). Ecology is the scienae (logos) of the  relationships in Nature's house- 
hold. To achieve the necessary integration of the t w o  terms one must try to find a 
general housekeeping/ budgetary doctrine ( F a s e r ,  1987). The forgetfulness 
about Nature in the field of ecology, and on the  o ther  hand the  economic naivety in 
natural science, m u s t  be eliminated. Thus, in the  interest of forest economy, an  
ecological market economy could arise from the  forest  crisis, an economy in which 
the  tension from economy and ecology are no longer suppressed, but is liberated 
and made economically productive (Bonus, 1984). 
If one combines the two definitions of economy and ecology to form a charac- 
terization of budgeting, then it t ranspires  that  the budgetary doctrine has the aim 
of making use of materials, energy, information, and life so that  man's require- 
ments can be satisfied, whilst maintaining the conditions of natural existence of the 
environment, the present generation, and future generations. In mathematical 
terms this would be a task of optimisation (Fiihser, 1987). which would be compati- 
ble with our  anthropocentric conception of the  world. However, as has already 
been said, t he  new ethic would require that  the  independent rights of nature be set 
as a prediction. This would lead to a simpler new definition of budgeting; 'The 
budgeting doctrine has the  aim of arranging material, energy, information and life 
in such a way that  the  natural existence of the whole living community is per- 
manently ensured'. This, in turn, means that the  test cri ter ia  of economic efficien- 
cy, environmental and social compatibility, and international acceptability will 
have a stronger role to play in environmental and forest  policy (Fiihser, 1987). 
Hjerppe (1980) also draw attention to the  international nature of environmental 
problems and their  solution within the environmental economy. 
2.3. Forest economy and national economy 
Nobel prize-winner Samuelson (1976) observed over  ten years  ago that  'ecologists 
know that soil erosion and atmospheric quality at one spot on the globe may be sig- 
nificantly affected by whether o r  not trees are being grown at s o m e  distance away. 
To the  degree this is  so, the simple Faustmann calculus and the  bouncing's of the  
futures contracts f o r  plywood on the  organised exchanges need to be altered in 
the  interests of the  public'. The interests of national economists in questions of 
forestry and timber economics as part of the environmental economy is a welcome 
development. However, sometimes t h e r e  are difficulties f o r  the  two part ies  to 
understand each other.  The national economists, who are used to thinking in 
la rger  eontexts of the  total economy, have ignored environmental problems f o r  a 
long time. They assumed that  natural ecosystems were stable (Thoroe, 1984). On 
the  o ther  hand, forest  economists have also laboured under false assumptions tha t  
they could quietly continue to solve their  individual enterprise problems with their  
customary long-standing methods, also with the observation that  the  national 
economists would hardly appreciate the  many-sided nature of the  individual 
managerial and specialised problems. Thoroe (1985) found the reasons f o r  the  
division between the  national and forest  economists in t he i r  economic analysis and 
evaluation to be that ;  'in t he  eyes of t he  national economist i t  i s  t h e  att i tude of 
concentration on the  fores t  which led to a large extent to an ignorance of alterna- 
tives outside the  fores t  sector and also to economically incorrect  conclusions in 
fores t  economy analysis. In t h e  eyes of the  fores t  economist i t  i s  especially t he  
narrow economic att i tude which w a s  responsible f o r  t he  reduction of t he  problem 
situation to a purely economic level and principles which made i t  appea r  i r -  
relevant or insignificant to national economic analysis based on competitive models 
of market economy'. 
What changes would i t  make if national economists turned the i r  attention to 
t he  subject of fores t  decline? Bonus (1984) says tha t  t he  fores t  cr is is  demands 
that both the disciplines of fores t ry  and national economy become more involved 
with each o the r  than they have been up to now, especially. since fores t  decline is 
a n  (unintended and unforeseen) incidental consequence of m o d e r n  economic 
processes and i s  also conditional on economic factors;  and f o r  this  reason political 
conclusions should not only be  based on forest  economic fac tors  but also on nation- 
al economic factors.  In t he  opinion of Wiebecke (1983), t he  national economies of 
all the  countries affected in dl t he i r  pa r t s  are concerned with the  influence of 
forest  damage. According to him forest  policy i s  required as a p a r t  of t he  national 
economy. On this subject Thoroe (1985) made the  suggestion in t he  form of a 
licence solution. He says the  state has to decide politically, f i r s t  of all, how large 
the  minimum size of the  fores t  area should be, and which protectional and recrea-  
tional functions i t  should perform. The state should not, however, force  the  fores t  
owner to provide these services. Instead of this, appropriate  promissory docu- 
ments would be issued which would impose on the  owner the  operation of par t icular  
fores t  a r eas ,  o r ,  requiring the i r  availability f o r  protection or recreational pur- 
poses. The fores t  owners could buy or sell these licences according to the  extent 
of t he i r  intended activities. However, in t he  opinion of some fores t  economists this 
is not a very realistic suggestion to solve the  difficult problems in forestry.  
The s t ronger  consideration which i s  given to t h e  fores t  economy by the  na- 
tional economy i s  character ised by t w o  factors:  on the  one hand the  profit  of the  
fores t  is moved more and more from the  private to the  public sector ,  and thus be- 
comes external.  An ever-increasing p a r t  of the  national economic revenue from 
t h e  fores t  is f o r  t he  benefit of t he  community as a whole. On the  o the r  hand, fol- 
lowing t h e  t rend of rising salaries,  t he  growing costs have to b e  car r ied  solely by 
t h e  forest  economy (Bonus, 1984). These external  effects of timber production, 
from the  point of view of t he  whole economy, must b e  included in t he  calculations 
f o r  any decision. From t h e  point of view of t he  national economy these external ef- 
fec ts  should b e  clearly shown in models f o r  fores t  economy decision-making 
(Thoroe, 1985). 
In t h e  light of questionnaire research  in which i t  was shown tha t  t he  popula- 
tion of t he  Federal Republic of Germany considered t h e  e x t r a  economic perfor- 
mance of the fores t  to b e  four  and a half times more important than timber produc- 
tion (Nieflein, 1983 cit. by Thoroe, 1985), t he  national economists question wheth- 
er t h e  analyses and the  models f o r  decision-making f o r  timber production can still 
form a basis f o r  fores t  policy. In t h e  context of fores t  damage t h e  fores t  economy 
is faced with a problem of t he  lasting changes In growth of the fores t  which they 
must a l l o w  f o r  in t he i r  analyses and models .  This also applies to the changes in t he  
behaviour of fores t  owners (Thoroe, 1985). 
In the opinion of Fiihser (1987) a judgement about t he  rationality of economic 
management cannot be  made because, to date,  t he re  i s  hardly any da ta  about eco- 
logical, social, and to a certain extent also economic costs which ensue, but which 
are not covered by t h e  classical perception of costs of independent enterprises.  
In his opinion these missing costs are costs as a consequence of management. 
These consequential costs can be sub-divided into four categories (Leipert, 1984, 
cit. by Fiihser, 1987): 
1 )  defensive expenditure fo r  removal, reduction or prevention of the  damage, 
2) consequential charges due to additional payments to insurers, 
3) direct loss of production, income and assets, 
4) real damage to human health, to the  animal and plant world and to eaosystems, 
etc. 
According to Miiller-Wenk (1978), in order  to internalise the consequential 
costs, an 'ecological accounting' ie required. This should be accompanied by a 
comprehensive, interconnecting, dynamic, and multidimensional concept. Such 
concepts were presented, fo r  example, by Vester (1985, 1987). In his calculations 
he showed, on the  basis of the value of a tree and of a bird, how subjective econom- 
ic  evaluation can be. The average timber value of a tree in the FRG, f o r  example, 
is put a t  270 DM. In his comprehensive evaluation, a 50-year-old tree achieves an 
output value of 264,000 DM, without taking interest into account. The value of a 
bird was equally vividly presented. 
In F5hserSs (1987) opinion i t  is possible today to slowly extend the  classical 
tools of business management with ecological and social information when the en- 
vironmental compatibility (e.g., of pesticides) and the  special compatibility of 
operational measures is closely examined. To this end the Council of the European 
Community has provided guidelines fo r  the examination of environmental compati- 
bility. Forest economy activity also has a regular influence on the  environment. 
For the analysis of the  ecological effect of projects the Council f o r  Nature Conser- 
vation and Care of the Countryside a t  the  Ministry f o r  Agriculture and Forestry 
suggests various methods such a s  Delphi method, scenarios, graphic processes, 
tables of order  of priority, utility-value analyses, and mathematical processes 
(Fiiihser, 1987). These processes have been increasingly used recently in order  t o  
be able to  estimate the economic consequences of forest decline in terms of nation- 
al, industrial and timber economies. In the  next chapters w e  will look a t  methods 
and presentation of results achieved in estimation of the economic consequences of 
forest decline in the above-mentioned areas. 
9. Evaluation of Pored Decline 
American economists laid the  foundation fo r  economic evaluation in t he  1970s. A t  
tha t  time extensive estimations were made concerning costs of damage due t o  a i r  
pollution. The monetary emphasis of the examination, however, then lay on the  
damage to human health. Damage to vegetation w a s  considered monetarily only in 
Last place a f t e r  damage to buildings and materials. The same thing happened in the  
FRG. One of t he  f i r s t  studies estimated in the  year  1977 the  damage to materials, 
works of a r t ,  and buildings at an  amount of 3.2 to 4.2 milliard DM (Heinz, 1979 cit .  
by Thoroe, 1984). The damage to vegetation w a s  estimated at 0.4 milliard DM. In a 
study in 1980 the  damage due to a i r  pollution to buildings and materials w a s  es- 
timated at 3.35 milliard DM, the  damage to health w a s  set at 4.5 milliard DM, and to 
vegetation at 0.2 milliard DM (Gliick et d., 1982, cit. by Thoroe, 1984). 
In recent  years  in t h e  FRG, pioneer studies of the  evaluation of environmental 
damage have been ca r r i ed  out. In Austria and Switzerland, extensive economic in- 
vestigations have also been car r ied  out. The s t ruc ture  of t he  forest  economy in 
these th ree  countries i s  somewhat different. This leads to some differences in the  
national economic evaluation in each country. For this reason the  spheres  of in- 
terest which have committed themselves t o  an  evaluation of t he  forest  damage a r e  
very diverse, and the  translation of t he  studies into forest  policy will be  motivated 
very differently. The purpose of recreat ion and tourism a r e ,  in conjunction with 
the  utility function, extremely important in these th ree  countries. The protective 
function of the  fores t  is equally significant in these t h r e e  mountainous countries 
(in t he  FRG in the  southern part) .  I t  i s  a question of diversified and complicated 
problems of forestry and society of which the evaluation and solution of new ways 
must be  sought. In o the r  European countries, as in Poland (Owczarzak et al., 1987) 
and in Czechoslovakia (Stoklasa and Duinker, 1988), a beginning i s  also being made 
on the  evaluation of fo re s t  damage. In the  USA also (Callaway et al., 1986a, b) and 
in Canada (Crocker and Forster ,  1986) forest  damage has been monetarily evaluat- 
ed. In the  last mentioned study account w a s  taken not only of the increment loss 
but also of t he  importance of t he  wildlife and recreational functions. 
9.1. Monetary evaluations of forest decline in the 
Federal Republic of Germany 
A s  in the  American and OECD studies in the  19701s, vegetation damage including 
fores t  damage is rated much lower than damage in o ther  areas (Thoroe, 1984; En- 
vironment and Economics, Vol. 11, OECD 1984 cit. by Juhasz, 1986). In addition, t he  
statistics concerning the fores t  have little scientific foundation. A s  a result ,  t he  
fores t  economy has a strong need f o r  in a co r rec t  economic evaluation, especially 
as one can only make claims of damage with soundly based knowledge. Also, with 
substantiated knowledge the  urgency of t he  environmental and forest  policy meas- 
ures can then be emphasised more strongly. However, t h e r e  are diverse and diffi- 
cult  problems in conducting the  evaluation. The multiplicity of fores t  diseases, the  
long turnover times, the complexity of ecosystems and the  lack of knowledge about 
t h e  development of diseases are problematic enough. On the  o the r  hand, econom- 
ists demand an answer to at least two questions: how high are t he  increment losses 
due to a i r  pollution, and how severe  i s  t he  damage to t he  forest  stock in terms of 
fu ture  utility? (Thoroe, 1984). Since one can r e f e r  to t he  timber pr ice  as a basis 
f o r  t he  evaluation of damage, i t  will be  possible in this case to make at least initial 
approximations of t he  losses to be  expressed in monetary terms. 
It  is a different case when w e  consider the protection, social welfare (in Aus- 
t r ia)  and recreational functions, especially when one wishes to evaluate the  soil, 
fauna and flora affected by ecosystem damage. The climatic and water budgets are 
also influenced by advancing forest decline. Finally, the  forest  has a cultural and 
ethical value, too. A system of evaluation of forest damage due to a i r  pollution had 
been worked out by a working group in the  PRG (Brandl and Matthies, 1984). A 
model was designed in tabular form with a diagram of damage and damage com- 
ponents. The former includes total or p d a l  loss of stands as wel l  as increment 
loss. The Latter i s  divided into four main components. These are (a) individual 
forest stands, (b) soil, (c) total forest utilities, and (d) national economy. 
Another working group studied the  social function of the  forest  (Matthies, 
1985). The following theoretically possible evaluations were considered: (1) from 
the  point of view of the  supply: expense and return, and (2) from the  point of view 
of demand: cost and benefit. This latter refers  to utility f o r  the  general public. 
The possibilities mentioned were (a) reproduction and social costs, (b) replacement 
costs, (c) loss of use costs, and (d) utility value analysis based on data using a 
non-monetary scale. 
In the  FRG extensive studies have been carried out in the  last few years to 
evaluate the  utility of measures to improve the  environment, some of which w e r e  
commissioned by the  Ministry fo r  the  Environment (Heinz, 1980; Ewers and Schulz, 
1982; Schulz (ed.), 1986; Schulz, 1987; Ewers st d., 1986). The study of Ewers and 
Schulz (1982) is a work with a pioneering method about the  monetary utility of 
measures t o  improve water quality. The method already developed fo r  evaluation 
of the  use of measures to improve the  environment was systematised and, more im- 
portant, its practical application w a s  tested on a concrete example, the Tegeler 
Lake in Berlin. Two new methods to evaluate leisure and recreational use were 
developed. The authors see the  general results of the study to be that: 
- measures to  improve water quality can be  justified in the s a m e  way as other 
infrastructural activities of the  state, 
- this monetary justification of the use for leisure and recreational activities 
as w e l l  as drinking water utilization will be of a higher and growing signifi- 
cance in the  future, 
- contrary to a widely held attitude, the  main problem of a monetary evaluation 
of measures to improve the  environment lies less in the  economic base data 
fo r  evaluations of determinable effects than in the  quantitative forecast of 
the  effects themselves (development of water quality with or without meas-  
ures, development of water utilization in dependence on the water quality). 
Wicke (1986) provides five arguments for  a monetarisation of forest damage: 
a )  Rational environmental policy requires, in his opinion, the  balancing of the  
acmunts of all advantages and disadvantages of environmental protection. 
The supporters of less environmental protection, with their  knowledge of the 
oosts of environmental protection, can convince the  opposite side. 
b) In l icke ' s  (1986) opinion i t  is understandable that  economic cost estimations 
showing the  socio-political dimensions of forest decline are presented to the 
public. 
c)  Wicke sees i t  as part of man's nature that he only becomes careful with his be- 
longings when he  has to pay an appropriate price f o r  their  use. 
d) The money available f o r  environmental protection must b e  used effecWvely so 
that the  highest benefit can be achieved. 
e )  In the context of disturbance of the environment, the gross national product 
gives a misleading picture of a very high standard of living. It  is  hoped to re- 
place this through an extended national economic calculation which takes into 
account environmental damage and damage to health. This can only be the 
case when environmental damage can be measured in terms of money. 
Wicke (1986) was the  first  to make a systematic estimation of all environment 
damage in the  FRG. He presented a detailed 'Report on Ecological Damage in the 
PRGa based on new sound research from home and to an extent from abroad which 
i s  really a conservative interim balance sheet. The amount of the  damage oalculat- 
ed (including forest damage) constitutes m o r e  than 62 of the  GNP of 1985. The sum 
in monetary terms is  at least 103.5 milliard DM/year (Wicke, 1986). This means an 
oftquoted OECD estimation from the  1970's of 3-52 does not even reflect the 
lowest level of the  environmental damage in the  FRG (Schulz and Wicke, 1987). O r ,  
to put i t  in o ther  words, in the  PRG in 1984 the  economy and the  state make ex- 
penses of, on average, approximately 20 milliard DM p e r  year  available fo r  the 
prevention of damage to the  environment to meet requirements of over 100 milliard 
DM p e r  year  (Schulz and Wicke, 1988). 
3.1.1. National economic evaluation of forest decline in the PRG 
A study on this subject has been published by Ewers et al.  (1986). This work has 
been refer red  to in many publications (Ewers, 1986; BrabSnder, 1987; Wicke, 
1986; Schulz and Wicke, 1987, 1988; Anon., 1986). 
Premises of va lue  and evaluat ion methods 
According t o  Ewers et a l .  (1986) the basic individual prejudice of the social wel- 
f a r e  economy purports that  i t  is  the  individual citizens who decide the  relevant 
values of the i r  own t rade  and order  in society. This assumption means that,  for  
every monetary evaluation of environmental damage, the social evaluation is  the 
sum of individual evaluations. Many different arguments have been presented 
against this, including information problems, representation problems, neglect of 
future generations, and distribution problems (distribution of available income). 
This also gives r i se  to the  problem of whether the  individual evaluation is inter- 
preted as a 'willingness to pay' or 'willingness to sell'. Politically one should de- 
cide between willingness to pay and willingness to sell as a basis fo r  monetary 
evaluation. Willingness to pay would mean that  you implicitly accord all environ- 
mental rights to the  instigator of damage. Willingness to sell would mean that  you 
accord all environmental rights to the  damaged party which would correspond with 
the  causation principle. Accepting the  status quo of our  environment as a basic 
point, the  concept of willingness to pay can only be seen in the  sense of the  causa- 
tion principle, should i t  be a question of m e a s u r e s  which imply a improvement of 
the statw-quo of our environment. In this case the  people concerned should, in 
fact,  be  questioned about the  willingness to pay, or the  willingness to pay should be 
estimated indirectly. Should it, however, be a question of measures which imply a 
deterioration of the  status quo, then, in the  sense of the  causation principle, the  
willingness to sell must be the  basis of the  evaluation (Ewers et d., 1986). 
The choice of the  appropriate method of evaluation depends not only on the 
level of information held by the  population concerning the  relevant damage, but 
also on the  t i m e  and the  oosts which are available for the evaluation. It  must be 
mentioned in this context that  an  excellent compilation of the systematology of the 
methods f o r  monetary evaluation w a s  presented by Ewers and Schulz (1982). This 
systematology is given in R g u r e  1. On the basis of the social welfare economy. the 
level of the willingness to pay and the  willingness to sell must be made known to the 
party affected. This can be done directly (questioning) or indirectly (estimation). 
The direct investigation requires a satisfactory level of information on the  par t  of 
the person questioned. Indirect investigation processes avoid any expenditure in- 
volved with the  questioning; however, they often considerably under estimate the 
social w e l f a r e  losses. Indirect investigation processes must also, as f a r  as possi- 
ble, ensure that  consideration is  taken of the preferences expressed by those af- 
fected by environmental damage. Whereas in the case of direct loss of income this 
aan be assumed, the relationship especially to basic data f o r  evaluation calculated 
with aggregated avoidance costs m u s t  be carefully furnished with proof in every 
single case. According to Ewers at al. (1986) this must be  considered in a study 
about the  monetary evaluation of forest damage. 
In every monetary evaluation there  are three  steps to be taken: 
- marshalling and quantifying of the  subject matter to be evaluated, 
- monetarising of the facts measured in physical dimensions, 
- production of contemporary comparison for the facts which accrue at dif- 
ferent times due to discounting. 
According to Ewers et uf. (1986) this can, with the choice of appropriate 
monetarising method in view of the  present state of science, be largely regarded 
as solved. The same can be said fo r  discounting. The time component of forest 
damage wil l  be considered by a use of a discount ra te ,  although the  damage occurs 
in a longer t i m e  period. According to Wicke (1986), the  use of a discount rate of 
3% in a year means that  the  total damage w i l l  count in the next 10, 50 or 100 years 
only a reduced share  of 75, 20 or 5%. Lower discount rates wi l l  be  chosen the  more 
long-term the  public measures are. The individual, according to Pigou (cit. Bonus, 
1984), is  to a certain extent short-sighted where the future is concerned, and finds 
it m o r e  difficult to judge long-term phenomena correctly. The social discount rate 
- that  i s  to say the socially correc t  discount factor - must therefore be lower 
than the current  interest rate (Bonus, 1984). In the study of Ewers et al. (1986), 
discount rates between 0 and 3% w e r e  used, but the authors pointed that  the use of 
a maled  real discount rate of 2Z would be realistic. Real discount rate means 
the  difference between the  nominal interest rate and the  inflation rate. 
In the case of environmental damage, as has been mentioned before, it is a 
question of external effect. Simple damage is described, accoding to the  Civil 
Code, by three  criteria: (1) it is possible to identify one or m o r e  parties responsi- 
ble fo r  the  damage, (2) it is possible to prove a connection between one or m o r e  
damaging actions and the  occurring damage, and (3) the  damage can be l i m i t e d  in 
terms of time or subject matter. These oriteria are not present in the  case of 
forest  decline and accordingly all attempts to chim damages from the  state are 
doomed to failure. 
Since it requires such a long t i m e  before the  complexity of the cause-effect 
c!onnection can be fully explained, solutions to the  present problems conoerning 
forest  decline are being demanded. Such methods to evaluate effects of forest de- 
cline have been worked out preferably with the  help of three  processes o r  a com- 
bination of these processes: 
1. Use of probability distribution or subjective point probability to connect the  
unknown causal connections. 
2. Drawing up of scenarios, i.e., plausible 'if-then' consequences to delimit the  
range of possibility of future development. 
3. Use of t he  Delphi process  of questioning exper t s  in o r d e r  to exploit present 
(incomplete) knowledge quickly and effectively. 
Heuristic methods d o  not aim to eliminate the  present  uncertainty in relation 
to the  causal connections, but to t r y  to give help in practical decision-making, 
despite this  uncertainty. With this  method the  studies try to develop a n  effective 
model, whose as-yet unknown parameters are set by values of probability distribu- 
tion or t h e  opinion of experts.  A t  a more advanced s tage the  improvised parame- 
ters could be  replaced by proven values. In the  study mentioned, a combination of 
expe r t  opinions obtained according to the  Delphi method and t h e  scenario tech- 
nique w a s  used. An available simulation model f o r  spruce  w a s  used as a basis 
(Miihring, 1984, 1986). The spruce species occupying 40% of t he  fores t  area has a 
high replacement s h a r e  in t he  forest  economy of the  FRG, and so influences the  
picture decisively in terms of value. The study restricts itself to a global ascer-  
tainment of damage, without differentiating between growing area or harmful sub- 
stances. The authors  point out tha t  what i s  described in t he  study as forest  dam- 
age i s  to be seen as a result  of the  sum of all influences from anthropogenic and 
non-anthropogenic factors ,  which have had over  the  past decades, and will prob- 
ably have f o r  a long time to come, an  effect on the  forest .  The individual fields of 
forest  and timber economy, leisure and recreation as w e l l  as water and soil are 
dealt  with. Climate and deposition protection by the  fores t  stands, the  cultural 
function of t he  forest ,  and the  forest  from the  point of view of hunting, are not 
considered. 
Scenarios 
The term scenario is one which has been borrowed from the  realm of theatre .  The 
method of writing scenarios w a s  made popular in 1967 by the  book from Kahn and 
Wiener, 'The Year 2000'. In the  opinion of Gundermann and Mergner (1984) w e  can 
find h e r e  a basic definition of the  term: 'scenarios are hypothetical consequences 
of events, constructed with t h e  purpose of drawing attention to t he  causal 
processes and the  decisional dilemmas. They answer t w o  kinds of questions: 
- how can a hypothetical situation come about s tep  by step? and 
- what alternatives are available to each participant at each s tage  to enable 
him to prevent continuation of t h e  process, to tu rn  i t  in another  direction or 
to support it?' 
O r  according to Bechmann (cit. Ewers et aL., 1986): scenarios are specula- 
tive, but in themselves pLausibLe sequences of imaginable future developments 
under alternative presumptions. They are not forecasts.  Scenarios are necessary 
when answers are required at sho r t  notice to questions with a high degree  of com- 
plexity. This is t h e  case with fores t  damage. Here the  fixation of a period of ob- 
servation is a problem - t he  temporal variability and t h e  temporal development 
have a role to play. In Ewers et d.'s (1986) study a period of 77 years ,  i.e., from 
1984 to 2060, w a s  chosen. 
Three scenarios were drawn up. Presumptions were made on the  most impor- 
tant harmful substances according to the present s tate  of scientific knowledge, 
namely SO2 and NO,. The presumptions were based on the  ideas that (a) the 
development of the  population in the  FRG will decline (from 61 million inhabitants 
in 1984 to approximately 50 million inhabitants in the  year  2030). (b) the  real 
gross national product is expected to increase at a rate of 22 until year  2000, 
thereafter  at a rate of 1.12, and (c) a decline in the primary energy consumption 
of 375 million tons of hard coal units in the year  2000 to 360 million tons hard coal 
units in the year 2030. Thereafter the  development is expected to be stable. 
A t  present 3.2 million tons of SO2 and 3.3 million tons NO, are emitted in the  
PRG. I t  is expected that  502 of the  SO2 produced in the  FRG is  exported; however, 
the  same quantity is  imported (Ewers at aZ., 1986). With respect to the  develop- 
ment of these emissions the  following scenario w a s  developed. 
fiend-Scenario Q,our Emissions=I%S): Until the  beginning of the  next decade i t  is  
expected that  the  SO2 emissions wi l l  decrease by 40% and the  NO,-emissions by 30%. 
For the following period, from 1991 to 2060 i t  is  assumed that the  SO2 emissions will 
reach 252 and the  NO, 35% of the 1980 level. It  is also pointed out that  the en- 
vironmental policy measures taken up to now have not been sufficient to achieve 
these reductions. A particular problem here  is  posed by foreign emissions. 
Status-quo-Scenafio (F1cigh Emissiohs =HES): A level of emissions w a s  assumed 
which corresponds t o  the present level. In the  period of the simulation and under 
these conditions, an annual emission of 3.2 million tons of sulfur dioxide and 3.3 
million tons of nitrogen oxide is expected. No changes are expected in the  level of 
emissions affecting forests. 
R ~ r e n c e - S c e n a r t o  QPEIS): Harmful substance emissions and chimney stack heights 
are assumed similar to those in the  1930s. This variant serves t o  describe each 
development which has taken place in the last 30 years without effecting a change. 
This time w a s  chosen because the level of a i r  pollution corresponds to that  which 
prevailed at the time of construction of the  yield tables of Wiedemann (Wiedemann, 
1936/42 cit. by Ewers et d., 1986). The fertilizing effect of the  a i r  pollution w a s  
also thereby taken into account. 
lklphi technique 
The basis f o r  the  scenarios w a s  a questioning of experts  organised according to 
the  Delphi technique. This is  a process of obtaining and approximating opinions of 
a group of chosen experts. The technique was developed in the  1950's. The pro- 
cess is oharacterised by three  features: 
- questioning of a group of experts  
- anonymity of the  experts  
- questioning in many rounds and feedback of all results. A dynamic simulation 
model of spruce served as a basis. Three rounds of questioning was  required. 
3.1.2. &ralta of the scenarios 
Forestry and timber economics 
In the  Reference Scenario the  forest area in the FRG will increase slightly from 
the present 7.4 million hectares and will remain the  same in all other variants. The 
sha re  of economic forest  will change according to the  picture of damage and the 
area shares of the  individual tree species. 
In the  Trend Scenario (low emissions) the economic high-level forest area will 
be reduced by the year  2060 by 0.8 million hectares from 6.3 million to 5.5 million. 
In the  Status-quo Scenario (high emissions) the  economic forest area will decline 
from 6.3 million hectares to 4.3 million hectares. In addition the re  are noticeable 
changes in the tree-species composition in favour of other  deciduous species ex- 
cluding beech. 
In f i gure  2 one can see the development of the  timber volume of spruce in the  
three  scenarios. In the RES, due to the present shortage of old wood, a slight in- 
crease of stock is to be expected, which would later recede. The development in 
the  LES indicates a rapid decrease in stock in the next 20 years. This would be 
followed by a s low restoration of stands. The long-lasting restoration would mean 
that  the  forest enterprises would have hardly any prospect of economic surpluses. 
The development of stocks in the HES indicates a collapse of common forestry. In 
R g u r e  3 can been seen the  temporal development of spruce a r e a  in economic 
forestry divided up into 20-year age groups (1 = 0-20, 2 = 21-40, ..., 7 = 120+ 
years). The age structure of the LES and HES displays considerably more change 
than that  of the  RES. The LES already shows that  there  would be practically no 
stands in the  age class 6-7 from the  year 2010 onwards. Only at the  end do the age 
groups begin t o  be restored. In the HES there are no stands in the  age groups 5-7 
from the 2010. Age group 4 will be considerably decimated for  many years. 
In R b l e  3 the  calculated damage to the forest economy is presented in mil- 
lions of DM. The evaluations a r e  made on the basis of actual costs. The greatest 
economic damage shows up in the loss of yield. The small damages in the HES are a 
result of the decrease in spruce area. Accordingly, the silvicultural, administra- 
tion and fertilization costs are considerably higher than in the LES. It  is  hardly 
possible today to give a right answer t o  the question of the  amount of restoration 
costs. The reforestation program in the Harz a rea  of the FRG could be taken as an 
example. Due to forest damage and dead trees i t  is necessary to ca r ry  out planting 
work over an area of some 6,200 hectares. For the costs achievement of this af- 
forestation project with different silvicultural concepts, a sum in the  range of 65 
million DM will be  necessary until the  year  1992 (Anon., 1988). In Bavaria, people 
are thinking in terms of costs of half a million DM per  hectare for  renovation of 
the forest  areas used fo r  protection (not including mountain torrent  and avalanche 
constractions). According to BraGnder (1987), ULrich assumes that  the  whole 
forest  area must be treated, with thorough working and fertilizing a prerequisite. 
N o r m a l  treatment with lime costs about 500 DM per  hectare. In connection with 
conversion, however, soil treatment at a cost of approximately 5000 DM is  being 
calculated. 
The subject of fertilizing is as complicated as i t  is  controversial. I t  should, 
nonetheless, be  mentioned that  in central European countries completely different 
opinions exist about the  subject of fertilizing (Glatzel, 1987a; Glatzel (ed.), 1987b; 
Hiittl, 1987; Isermann, 1987; Schweizer Bundesamt fiir Forstwesen und 
Landschaftsschutz, 1987; Greminger, 1985; Bayer. Forstl. V-u.FA 1987; Gussone, 
1987). 
Table 3. Monetary consequences in forestry due to forest decline in million DM. 
LES = low emissions (Trend-Scenario), HES = high emissions (Status-quo- 
Scenario). (Source: Ewers et d., 1986.) 
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In the work of Ewers st ad. (1986) a basic assumption is  made that an equally 
long time is necessary for  the renovation and regeneration of the  forests as was 
necessary fo r  the  examination to be made (i.e., 77 years). For this reason a resi- 
dual value is  calculated that  is  as high a s  the amount of loss. Thus the  resulting to- 
tal damage fo r  the  spruce in the  LES is approximately 211 milliard DM, and in the  
HES approximately 260 milliard DM. These figures do not include the damage not 
monetarised at the  time, i.e., such damage as losses expected by the  forest econo- 
my due to a fall in prices on the  timber market which in the  omtext  of the time in 
question could easily amount to a sum of 500 million DM annually (Brabhder,  1987). 
One problem is  posed by the discount rate. In the  case of this severe damage a 
discount rate of 0% would apply, since the  future is to be valued as high as the  
present. However, in the study mentioned the  choice of the  discount rate w a s  left 
open to the decision-maker. Therefore, different discount rates w e r e  between OX 
and 3%. Incidentally, Callaway et ad. (1986b), in their  study fo r  the period of dam- 
age 1985-2030 in the USA, used a discount rate of 10%. 
In the  field of timber economy the  authors (Ewers et al., 1986) restricted 
themselves in the  estimation of the  probable surplus or shortage situation on the  
domestic market to the  basis of constant fixed parameters of behaviour until year  
2000. In Egure 4 the  production and utilization of timber in the FRG in the  year  
1983 a r e  laid out. Since the question of the development of the timber market is to 
be looked at later ,  w e  will res t r ic t  ourselves here  to a brief summary of the  
results. 
In the  section about timber economy, the  timber requirement development fo r  
the  m o s t  important sectors  of the  timber economy was econometrically calculated 
in the time periods until the  year  2000. This timber requirement according to 
'normal conditions' was compared to the results of the simulation model fo r  spruce 
(in consideration of the other  coniferous species). This showed in what situation 
and when, according to the development in the  spruce model, drastic adjustments 
by the  timber-processing sector would be necessary o r  expected. These indica- 
tions a r e  however m o r e  of a qualitative than of a quantitative character  (Ewers et 
ad., 1986). An internal o r  intercompany storage of roundwood as well a s  legal o r  
economic measures of forest policy w e r e  not taken into account. Whereas in the  
Reference Scenario a very balanced development of timber supply and timber 
demand was expected, in the  Trend Scenario and more strongly in the Status-quo 
Scenario, the re  were serious supply surpluses until the  year  2000. Until this date 
the  only impairments of the  timber-economy sector to be expected are in shortages 
in some individual timber assortments. According to the  simulation, the require- 
ment for  coniferous wood will increase from 14 million cubic m e t e r s  in 1980 to 15.4 
million cubic meters, of which the sawmills wil l  take 13 million cubic meters. A s  
with coniferous roundwood, no strong increase in demand is  expected in coniferous 
industrial wood. The requirement in industrial residual wood is estimated at 6.9 
million cubic meters in the year 2000 in comparison with the  requirement in 1982 
of 4.3 million cubic meters. Here the strongest growth in demand is  expected. Fol- 
lowing the  decline in the domestic wood reserve, a period of shortage wil l  occur 
(see comparison Ftgures 5a-5e). This could hardly be balanced out by precaution- 
ary storage of the  timber or by import. 
Lsfsure and recreation 
In the field of leisure and recreation in connection with forest damage, five utility 
components in monetary evaluation have been taken into consideration. These are: 
- loss of use by local visitors 
- loss of use from long distances visitors 
- loss of optional utilization 
- loss of income in t he  tourist  economy 
- residual damage at t he  end of the  period of study 
The d c u l a t i o n s  are based on the  empirically certified observation tha t  the  
advance of fores t  damage will cause a reduction in t he  number of fores t  visitors. A 
number of variations were calculated in t he  study. The evaluation of fores t  visi- 
tors and the  changes in t he i r  numbers was made using a time-utility-value method 
(Ewers and Schulz, 1982), according to which a n  evaluation sum of 4.87 DM w a s  cal- 
culated p e r  forest-visit hour. The evaluation of optional uses was, on the  basis of 
questioning, cautiously set at 7.50 DM p e r  year  p e r  head of t he  working population. 
I t  was, however, assumed tha t  only 62% of t h e  working population would pay this 
sum. The loss of income in t h e  tourist industry w a s  estimated on the  basis of a re- 
gional income multiplication factor  of 1.5. Residual damage w a s  added to this as in 
the  forest  economy. The resulting figures are set out in Table 4. In this  case t he  
Trend Scenario a r r ives  at a total  damage figure, at a discount rate of OX, of 487 
milliard DM, and the  Status-quo Scenario at t he  value of some 871 milliard DM. 
Water anti soi l  
For water and soil, changes due t o  forest  damage in the  extent,  temporal distribu- 
tion and quality of t he  runoff from forested catchment areas had t o  be  checked in 
addition to possible damage in the  area of soil erosion and increased avalanche 
danger. Considerations of t he  evaluation of reduction of t he  soil protection per- 
formance of the  forest ,  with a practical example, were published by Moog and 
Piittmann, (1986). In the i r  calculations of soil protection performance of forests,  
they a r r ived  at a sum of 1938 DM and 3972 DM p e r  hectare .  I t  w a s  shown in the  
Trend Scenario (LES) as w e l l  as in t h e  Status-quo Scenario (HES) tha t  forest  dam- 
age  would lead t o  an increase in t he  total  annual runoff. Moreover, an  increase in 
t he  low discharge by surface near-ground water flow i s  linked to a risk of 
deterioration of water quality. The expected increase in total runoff also causes 
an increase of the  maximum discharge. Maintenance of maximum discharge would 
involve costs  of 5 milliard DM according to t h e  LES and in t he  case  of t he  HES of 
some 8 milliard DM. In addition to t he  maintenance of maximum discharge, invest- 
ment costs f o r  stream and avalanche constructions and soil-erosion protection in 
t h e  Alps will b e  necessary. Here one can r e f e r  back to ear l ie r  studies made in the  
Bavarian Alps (Ewers et al., 1986). From these extrapolations, t he  LES arr ived at 
costs to t h e  amount of 6.5 milliard DM and the  HES at costs of 7 milliard DM. The 
authors  had difficulty in evaluating the  deterioration of water quality. The quali- 
t y  r isk with drinking water w a s  calculated on the  basis of a cautious rough estimate 
with a value of 2 pfennigs p e r  cubic meter in the  LES and 4 pfennigs in the case of 
t he  HES (time period 2021-2060). The total damage in the  area of water and soil 
was given a monetary value of s o m e  885 milliard DM in the  LES, and some 1407 mil- 
liard DM in t h e  HES (discount rate OX). 
In W L e  5 t he  total monetarised damage i s  summarised with different branches 
and discount rates. When one takes a total  result  at a discount rate of 2X, one can 
see t ha t  t he  total damage in t he  LES stands at 211 milliard DM, and in t he  HES at 
344 milliard DM. This gives annual damage in the  amount of 5.5 milliard DM in the  
LES and 8.8 milliard DM in the  HES. According to t he  authors  these calculations 
are conservative and thus show the  lowest limits. If t he  emissions and depositions 
Table 4. Monetary consequences in leisure and recreational activities due t o  
fores t  decline in million DM. LES = low emissions (Trend-Scenario), HES = high 
emissions (Status-qu*Scenario). (Source: Ewers et ad.. 1986.) 
Shnario 
Components qf the use 
LET Fm 
1.Loss of use by 
neighbourhood-recreation 
Net value 
Annual value 0 1,387 2,508 
1 1,218 2,240 
2 1,049 1,965 
3 891 1,702 
2. Loss of use by 0 15.325 27,765 
distant recreation 1 9,355 17,225 
Net value 2 5,890 11,050 
3 3,825 7,315 
Annual value 0 199 361 
1 175 322 
2 151 283 
3 128 245 
3. Loss of use of 
optimal utilization 
Net value 
Annual value 
4. Loss of income due 0 119,200 210,735 
to  tourism 1 72,795 130,790 
Net value 2 45,875 83,925 
3 29,810 55,630 
Annual value 0 1,548 2,737 
1 1,360 2,444 
2 1,173 2,146 
3 997 1,860 
5. Residual damage 
Net value 
Annual value 0 3,164 11,317 
1 1,305 2,372 
2 532 984 
3 216 407 
6. Total damage 0 487,130 871,375 
Net value 1 218.499 397,276 
2 114,445 211,934 
3 67,269 127,071 
Annual value 
Note: 0, 1, 2 and 3 refer t o  discount rate i n  X .  
are not reduced, then t h e  p ic tu re  of t h e  damage given in t h e  LES must be  seen as 
an underestimation. 
Table 5. Total monetary damage due to fo res t  decline in million DM. LES = low 
emissions (Trend-Scenario), HES = high emissions (Status-quoScenario). (Source: 
Ewers et d., 1986.) 
scenar io  LES ms 
Components of damcrqe 
1. Damage in fo res t ry :  0 369,082 487,154 
Net value 1 163,361 216,922 
2 85,912 114,928 
3 51,566 69,603 
Annual value 0 4,792 6,326 
1 3,052 4,053 
2 2,320 2,938 
3 1,724 2,328 
2. Recreation and tourism: 0 487,130 1,254,340 
Net value 1 218,499 571,451 
2 114,445 304,512 
3 67,269 182,309 
Annual value 0 6,327 16,290 
1 4,083 10,677 
2 2,926 7,784 
3 2,250 6,096 
3. Water conservation: 0 28,800 48,200 
Net value 1 16,375 26,525 
2 11,042 17,414 
3 8,395 12,965 
Annual value 0 374 616 
1 306 495 
2 282 446 
3 281 433 
4. Total monetarized damage: 0 885,012 1,406.729 
Net value 1 398,235 640,723 
2 211,399 344,226 
3 127,230 209,639 
Annual value 0 11,493 18,258 
1 7,441 11,971 
2 5,528 8,802 
3 4,255 7,010 
Note: 0, 1, 2 and 3 r e f e r  to discount rate in X .  
3.1.3. Further publications of forest decline in the PBC 
One of t he  f i r s t  works of 'evaluation of fores t  damage' in the  FRG w a s  t he  ar t ic le  of 
t he  same name by Kroth (1985). As input f o r  a global evaluation in Bavaria due t o  
increment loss in spruce,  t he  following factors  were used: 
- proportion of degree of damage p e r  age  class from the  fores t  inventories in 
1983 end 1984; 
- increment performance in percent  of a normal increment performance follow- 
ing initial estimations by Franz (see also Franz st d., 1985. 1987) f o r  t he  
stands from the  fifth age  class according to degree of damage. No increment 
loss w a s  assumed f o r  the  f i r s t  two age classes, and the  increment losses f o r  
the  third and fourth age  classes w a s  ar r ived  at by interpolation, and 
- income excluding harvesting costs from pre- and final felling in the  age  
classes calculated according to Hap s t ruc ture  forecasts (timber yield fore- 
casts) from Franz and an  assortment program from Bartelheimer (Kroth, 
1985). In the  evaluation of increment losses, the  relationship t o  loss in value 
is noteworthy. The economic damage of an  increment reduction in terms of 
percent  is always higher than the  loss in rough wood volume (over 7cm diame- 
te r ) .  For a normal forest  m o d e l  with spruce,  yield class I1 (Wiedemann 
moderate thinnings) with a rotation of 100 years,  using 1984 prices  and costs 
with an  decrease of rough wood increment of 10%. t h e r e  is a loss in value of 
12% with a n  unchanged s t e m  number. However, if t he  development of t he  s t e m  
number is accorded a n  appropriately low site-quality class, then the  loss in 
value is 25% (Kroth and Bartelheimer, 1984). In a more recent  study, model 
calculations ca r r i ed  out f o r  working circles are also graphically presented 
(Kroth and Bartelheimer, 1987). 
Using the  above mentioned basis, Kroth (1985) calculated an  increment loss 
f o r  spruce in Bavaria f o r  the  yea r  1984 of 19%. This i s  equivalent to a n  income ex- 
cluding harvesting costs of about 166 million DM. Increment reductions were cal- 
culated f o r  o the r  tree species in a way similar way to tha t  f o r  the  spruce. 
In addition to t he  increment loss, Kroth also calculated the  damage due to ex- 
t raordinary yield. N o t  taken into account in this study w a s  t h e  damage due t o  t he  
effects of forest  decline on protectional and recreational functions. 
On the  basis of yield statistics from the  Bavarian State Forest Administration, 
Kroth analysed the  necessarily premature utilization of diseased trees. According 
to this analysis, t h e  proportion of sanitation fellings constituted 5.8% of t he  timber 
harvest,  a fu r the r  7.7% was affected by insect damage, end 3.2% affected by o the r  
forms of damage. Altogether 10% of t he  timber harvest  was seen as utilization at- 
tr ibutable to pollutant depositions. For the  global evaluation, 10 DM/cubic m e t e r  
was estimated f o r  t he  e x t r a  cost due to the  dispersed nature of t h e  occurrences.  
The same sum was fixed as lost income. On this basis t he  total damage in Bavaria 
amounts to a sum of 20 million DM. 
The ea r l i e r  enforced utilization of pa r t s  of t he  growing stock or stands which 
are not yet  mature means damage due to immature felling. For unstocked stands 
t h e r e  i s  a compensatory soil rent .  In his study Kroth calculated immature surface 
areas of 3,500 hec tares  f o r  spruce  end 2,615 hectares  f o r  pine. This produced a n  
average loss of 55 million DM. 
In addition, increased forest protection, culture, and amelioration costs were 
expected. Bark-beetle control alone involved costs of 6 DM p e r  hectare for  the 
Bavarian State Forest Administration. Extra administration, culture, and 
amelioration costs were set a t  10  DMhectare. This would result in damage fo r  Ba- 
varia amounting to 25 million DM. The following W l e  6 shows Kroth's calculation 
of the  possible damage once again. 
Table 6. Evaluated monetary damage in Bavaria. (Source: Korth, 1985.) 
Spruce 
Pine 
Beech 
Oak 
Damage due to sanitation fellings 
Damage due to premature utilisation 
Increased forest protection, culture, and amelioration costs 
Total damage in Bavaria in million DM 
Total forest area in Bavaria = 2.4 million ha 
Damage DM/ha in Bavaria = 126.- DM/ha 
In order  to estimate the possible consequences of forest decline in Bavaria, 
scenarios according to three different variants were worked out on the  basis of 
the  Bavarian complete s tate  inventory 1970/71 and the adjusted timber yield 
recovery fo r  Bavaria (cit. Encke, 1988). Changes in the  assortments s tructure in 
Bavaria can be ascertained from FEgure 6. The variants up to the  year  2005, (op- 
timistic, probable, and pessimistic) are presented according to Bartelheimer (cit. 
Encke, 1988). It  is  only the  pessimistic variant which leads one to expect strongly 
increasing harvests over the  whole time period [according to the pessimistic vari- 
ant  the  proportion of the  damage class diseased (2), severely diseased (3), and 
dead (4) will increase continuously until year  20051. There a very s l o w  continuous 
improvement is expected. The harvest in the year  2005 will be 8 million cubic me- 
ters higher than the  situation in the equalisation year  1980 and more than 50% 
above the  harvest according to timber yield forecasts. A dramatic change fo r  the  
rough wood user is, however, not expected. 
The effect of the  increased harvest due to compulsory utilization cannot be 
predicted in the  opinion of Kroth (cit. Encke, 1988). For this reason the present 
prices and costs have been used in the  monetary evaluation of the expected dam- 
age. The following results were presented: 
- the  inmme, without the  harvesting costs, from the  utilizations is  set at 145% of 
the  timber yield forecast in the  year  2005 in the  pessimistic variant, 
- the  growing-stock capital in the  year  2005 in comparison to the  timber yield 
forecast of 48.4 milliard DM is expected to show a decrease of 4.2 milliard DM 
in the  optimistic variant, 7.2 milliard DM in the  probable variant, and 12  mil- 
liard DM in the  pessimistic variant, 
- the debit balance out of loss of wealth (capital) and excess proceeds resulting 
from over-utilization a r e  set at 5 milliard DM in the  pessimistic variant. 
Suda and Pr6bstl  (cit. Encke, 1988) have made an estimation of the effects of 
forest damage on the protection and recreational functions of the forest. For re- 
placement costs, reconstruction costs and loss of earnings, the variants showed 
values fo r  avalanche constructions of 100 to 500 million DM and f o r  tourism of 100 
to 600 million DM. 
In o rde r  to give practical figures, s o m e  1983 costs due to forest decline in Ba- 
varia State forests  were given (Anon., 1983). The check on the  damage in the form 
of an  inventory cost approximately 500,000 DM. The planned large-surface inven- 
tory with air photographs w a s  set at 1.5 million DM. Approximately 6,000 hectares 
of forest area are fertilized every y e a r ,  involving costs of 2.3 million DM. In 1982 
a sum of s o m e  2.0 million DM w a s  used f o r  pest control. Silvicultural measures of 
the forests where stock had suffered damage cost 10,000 DM per  hectare - fo r  the 
state forest  alone this amounted to 50 million DM since some 5,000 hectares re- 
quired immediate support and regeneration. 
Economic a n d  polit ical consequences offorest  decline 
In a treatise of the study on the subject of 'Economic and Political Consequences of 
Forest Decline - Analysis of Effects and Instruments fo r  Political ActionB (Nieplein 
et a l . ,  1986) the  different subject a reas  of forest and timber economy were dis- 
cussed. Considerations and calculations concerning the  quantitative consequences 
of forest decline relevant to the timber market were made. Timber-market politi- 
cal design measures to avoid disadvantageous consequences of a possible surplus 
situation were discussed. The economic and property policy limits of forest de- 
cline fo r  private forest  owners were also considered. An estimation was made of 
the expected consequences to the countryside ecology and of the  possibilities of 
their  evaluation. There was also discussion on the  consequences of the recognis- 
able trends in international environmental policy and finally joint and far-reaching 
political scientific considerations were made. 
3.1.4. Evaluation of forest decline in relation 
to individual enterprises 
Pattern models of damage to stands and to the rotation pattern form an essential 
basis fo r  the  evaluation of the  monetary damage. This is also the  case in the study 
of Ewers at al. (1986). In order  to investigate the cost - benefit situation in the  
forest  economy, data were collected from 80 forest enterprises with m o r e  than 250 
hectares (MGhring, 1984). This provided information where already in 1983, emis- 
sion damage had already a noticeable influence in the financial situation and thus 
also on the  management operations of forestry enterprises. The damage data from 
individual enterprises varied between 0 DM and 225 DM per  hectare of operational 
a rea ,  depending on the degree of the  damage. The average damage w a s  29 DM p e r  
hectare. Changes of timber grades and spread fellings of the  timber were also tak- 
en into account as well  as the  additional costs of timber harvest, fertilizing, tree 
species change, forest  protection and others. The estimate does not include incre- 
ment losses, premature felling, and other  damage values. 
There are two types of increment reduction: 
- through physiological weakening, individual tree growth is  reduced (in this 
context see arLso Athari et d., 1984; Eckmiiller and Sterba,  1987; Eckmiiller, 
1988); and 
- because of t h e  physiological weakening of individual trees t he  volume growth 
of stands i s  also reduced. 
In o r d e r  to estimate t he  influence of changes in basal area increment, height 
increment and individual tree mortality on t h e  development of different timber 
grades within a stand, a pat te rn  model is  necessary (Mbhring, 1984). Such a model, 
f o r  reasons already mentioned, was developed f o r  spruce. The yield tables of 
Wiedemann served as a growth norm. 
f i g u r e  7 shows t h e  most important connections between different simulation 
models, whereby t h e  growth process i s  exposed to various 'disturbances'. f i g u r e  
7a shows a normal development. The growth in value of t h e  old stand i s  achieved 
especially by ingrowth in assortments. FYgure 76 establishes a reduction of t he  
basal area increment of t h e  amount of 50% from t h e  age  of 50 onwards. The build- 
ing up of t he  growing stock and t h e  utility of the  timber will b e  reduced, and the  
growth in value will b e  disproportionately affected. In Figure  7 c  t h e  growth loss is 
supplemented to by a loss of 3% annually in t h e  permanent growing increment over 
50  years  old; this causes a much s teeper  drop in t h e  final yield of t he  felled stand, 
which in effect means a reduction in t h e  productive timber stock. f i g u r e  8 shows 
tha t  t h e r e  i s  a close connection between t h e  reduction in increment and t h e  loss in 
value (Miihring, 1985). A reduction of 20% would therefore  lead to a loss in value 
of 40%. I t  is  also shown tha t  a n  ideal-normal fores t  hardly ref lects  this in prac- 
tice. In t h e  lifetime of a stand a number of r isks  come into play, whereby, e.g., not 
every  enterprise  achieves the  planned rotation time. I t  is  considered quite normal 
today tha t  in fores t ry  t he  younger age  classes are in s t ronger  presence. When, 
however, severe  damage, e.g., novel fores t  damage occurs,  this  means a higher 
utilization of t h e  increasingly younger stock. This, in turn, raises t h e  costs and 
brings decreasing yields and thus possible negative net balances. This simulation 
model f o r  spruce  w a s  fu r the r  developed (Miihring, 1985). In addition a dynamic 
simulation f o r  t h e  rotation in fores t ry  f o r  t h e  most  interesting questions about 
evaluation of emission damage in an  individual fores t ry  enterprise  w e r e  used 
(Keuffel and Miihring, 1986). In o r d e r  to produce a simulation model, a manage- 
ment program system (e.g., Framework, Javelin, Multiplan, etc.) w a s  used on a mi- 
crocomputer (Mbhring, 1986). This program w a s  also used in t he  computer sup- 
ported analysis of key figures in a comparison of enterprise  operations (Mohring, 
1987). 
On t h e  subject of emission damage, a number of authors  have provided statist- 
ical presentations of t h e  economic effects. The records  of a municipal fores t  en- 
t e rp r i s e  were analyzed and this showed tha t  indeed t h e r e  had been additional ex- 
penditure because of fores t  damage (HBrle, 1986). Further. i t  was possible. on t h e  
basis of old records ,  to establish tha t  t he  unexpected fellings between 1927 and 
1981 on average stood at 20% of total fellings. The felling plan f o r  t h e  yea r  1986 
was based on 60% preplanned and 40% unexpected fellings comprising t h e  timber 
yield. The removal of diseased and dying trees caused t h e  incidental yields within 
t h e  felling rate to rise sharply; in 1984, they were 52% and in 19SS, 51% of the  fel- 
lings. Of these 51Z, 30% are from windfall, 0% due to emissions, 9% to reduction of 
stock, 2% to drought and also 2% to breakage by snow (Hiirle, 1986). Riederer von 
Paar (1984, 1905) published some thoughts and statistical records  of t h e  effect of 
fores t  decline on pr ivate  enterprises  from t h e  point of view of a practit ioner in a 
l a rge  en terpr i se  in Bavaria. Ge@mann-Khm (1985) discussed the  effects  of dam- 
age  due to a i r  pollution on farmer+wned fores t  in t h e  Black Forest. According to 
her,  forest  decline does not only mean material loss. I t  also means the  slow des- 
truction of a life-style which has existed throughout f o ~ e s t  farming families f o r  
centuries. Netsch (1985) also examined the  monetary effects of forest  decline on 
farmer-owned forestry enterprises.  
Speidel et aZ. (1985) estimated the  economic consequences of forest  decline 
fo r  forest  enterprises  based on the  example of a enterprise from the  central  Black 
Forest. The constant average damage according to calculations is about 395 DM 
p e r  hectare (value 1985) net yield p e r  year. I t  w a s  emphasised tha t  this  value 
represents  in fac t  the  l o w e s t  Limit of t he  true damage. 
I t  i s  clear tha t  t he  influence of novel decline should be taken into account in 
the  evaluation of forest  value. In this context t he  ar t ic les  of Kato (1985, 1986), 
Berndt (1986) and also Kroth and Bartelheimer (1984, 1987) should be mentioned. 
An interesting publication w a s  also made by Samuelson in 1976. 
3.1.5. Timber economy 
The possible developments in timber yield and timber consumption in the  FRG until 
the  year  2000 have been examined. Ollmann (1985) has made a forecast about the  
timber consumption. I t  i s  a function contingent on the  development of gross natfon- 
a1 product. For the  purposes of this study an effective r i s e  of 2.5% in the  GNP up 
t o  and including 1988 w a s  expected, and thereaf te r  a r i s e  of 2%. In the  Ewers et 
aZ. (1986) study a GNP of 2% w a s  used as a guiding principle in the  simultaneous 
econometric model f o r  the  simulation of yield and utilization of semi-finished 
timber goods. According to Ollmann i t  would be  unlikely tha t  total consumption 
would r i s e  to 73.5 million cubic meters by the  year  2000, tha t  i s  to say a r i se  of 9 
million cubic m e t e r s  in relation t o  the  1980 level. For this variant an annual GNP 
of 3% w a s  presumed. More likely is an increase of 6.5 million cubic meters (GNP of 
1.5% from 1985). An increase of 6 million cubic m e t e r s  is to be  expected in paper  
production. In the  case tha t  a considerably g rea t e r  yield of rough wood came on 
the  market than before, as a result  of the  sanitation fellings as a consequence of 
novel forest  damage, this quantity could certainly not b e  absorbed by a rising con- 
sumption of wood and wood products. This i s  on the  precondition, according to 
Ollmann (1985). tha t  goods which, up to now, have been imported would be eliminat- 
ed from the  domestic market. 
In o rde r  to estimate the  possible development of the  state of t h e  .forests and 
the  consequences fo r  t he  forest  economy until year  2000, FZhser (1985) used the 
scenario technique. f igure Q gives the  annual timber yield dependent on emissions 
as a percentage of t h e  normal felling rate. In the  most favourable variant this 
would stand, in the  yea r  2000, at 48% of the  present normal felling rate (30 million 
cubic meters without bark). However, in the  middle variant t h e  timber yield 
dependent on emissions in the  year  2000 would be  126% and in the  unfavourable 
variant 202% of the  normal felling rate. In the  Ewers et aZ. (1986) LES varlant, t he  
peak among permanent spruce  stock of felling due to emissions lies only just behind 
the  total requirement of pine wood. According to the  simulation the  withheld utili- 
zation very quickly cumulates in a considerable mass of timber which at i ts peak 
nears 80 million cubic meters. 
According to Fiihser (1985) the  annual timber yield due to emissions for the 
middle scenario variant including t h e  normal felling r a t e  in the  yea r  1990 will be  
150%. in 1995 159% and in t h e  year  2000 156% of the normal felling rate. In the  
opinion of Fiihser (1985) this surplus amount of 50% is likely, in a market economy, 
to have a n  effect on t h e  timber price. I t  was also shown in the  study of Ewers et aZ. 
(1986) tha t  according to t h e  simulation a withholding of wood in the interests of the  
market would no longer be  possible. The simulation model resul ts  in t he  LES sug- 
gest tha t  t he  shortage of timber will very quickly have a n  effect. According to the  
simulation, within 20 years  t h e  annual supply from coniferous timber will decrease 
from 21  million cubic meters to 8 million. The favourable expectations indicate a 
spruce  timber supply of 2.5 million cubic meters in 30 years  time instead of the  
present  11 million. In t h e  case of t he  coniferous industrial w o o d  t h e  figures give a 
different picture. A change in t h e  proportions of timber assortments leads only 
slowly and in the long term to a disparity between timber felling and timber re- 
quirement. Ewers et d. (1986) maintain that ,  on present  evidence, t h e r e  will b e  no 
shortage. 
According to Fiihser (1985) t h e  average timber pr ice  p e r  cubic meter will 
continually drop  from 90 DM in the  yea r  1985 to 60 DM in the  yea r  1990. In Fkgure 
20 the timber yield and hypothetical timber pr ice  (without compensation f o r  infla- 
tion) i s  graphically displayed. In t h e  same period supply exceeds t h e  normal 
volume by 30%. Only by a reduction in t he  increase of t h e  apparent  volumes will i t  
b e  possible to bring t h e  pr ice  back up to 75 DM in t h e  yea r  2000. Pfleiderer 
(1984) presented scenarios developed from t h e  point of view of t h e  timber industry 
and timber economy, in o r d e r  to find out what would happen if altogether over  a 
qua r t e r  of t h e  FRG a rea ,  at t h e  same time and under calamitous conditions, fellings 
of double t h e  amount of stemwood were necessary. The scenarios showed tha t  t he  
total coniferous felling would only r i s e  by 5%. The surplus of roundwood f o r  sawm- 
ills would b e  11.5 million cubic meters. Thus a surplus production of 1 million cu- 
bic meters of sawn timber would be  equivalent to 12%. The relation between indus- 
t r i a l  thin-wood and industrial residual wood would change by 5% in favour of t he  
latter. New marketing possibilities w e r e  envisaged f o r  t he  supplementary amount 
of s t e m  and sawn-timber in (a) raising domestic timber consumption, (b) new large- 
scale  industrial consumers, (c) long-term storage, and (d) import substitution and 
expor t  of logs and sawn-timber. The lack of international competitiveness w a s  
mentioned as a problem. 
Bergen (1987) examined the  influence of fores t  damage on t h e  supply of coni- 
ferous timber on t h e  market. In his opinion fores t  damage would not directly influ- 
ence t h e  supply on t h e  market, but indirectly via t he  cost-profit relation of fores- 
t r y  enterprises.  This hypothesis w a s  empirically tested during t h e  period from 
1980 t o  1984. The progression of t h e  surface area of fores t  damage according t o  
time w a s  taken from t h e  federal fores t  damage inventory and covers  the  fores t  de- 
cline classes 1 to 4 f o r  coniferous species (as  a percentage of coniferous fores t  
area) .  The resul t  of t h e  empirical test confirmed t h e  theoretical expectations. 
The increase in fores t  damage raised t h e  cost-profit relation such tha t  fores t ry  as 
a whole reacted with an increased supply of coniferous timber. Forestry would 
o f f e r  f o r  sale a greater volume of coniferous timber whatever the production 
pr ice.  The calculations show tha t  a 10% increase in t h e  fores t  damage area would 
cause production pr ices  to fall by 0.35%. However, a 10% increase in t h e  forest- 
damage surface area would cause an increase of 14% in the  volume on offer ,  what- 
e v e r  the production price.  I t  was also possible to ascertain that a n  increase of 1% 
in t h e  supply would requi re  a drop  in pr ice  of more  than 1%. The marginal profit  
resulting from this  supplementary supply is therefore  negative. This would mean, 
according to Bergen (1987)' t ha t  t h e  behaviour of fores t  enterprises  has  contri- 
buted to a continued worsening of t he i r  own situation. Moog (1987) examined the 
supply behaviour of t h e  regional fores t  administration of Baden-Wiirttemberg on 
the roundwood market with t h e  help of an  econometric method. 
Mantau (1987) has  produced a 'simulation of increased felling yields as a 
consequence of novel fo re s t  damage and the  economic consequences f o r  t he  coni- 
ferous sawn-timber market' as a section of t he  r e p o r t  of t h e  research  project  
'Consequences of Novel Forest Decline f o r  the Timber Market in the  Federal 
Republic of Germanyn. The assumption w a s  made that,  in the  FRG, many successive 
years  could lead to an annual total felling volume of timber of 10% to 20% more than 
t h e  present level. The aim of t he  simulation was to analyse and quantify as accu- 
rately as possible t h e  effect relationships of t h e  individual sec tors  of t h e  coni- 
ferous sawn-timber market. For this reason, it w a s  not a future time period which 
was simulated but r a t h e r  the effect of increased felling of coniferous timber in t h e  
years  1982 to 1984. The objective of t h e  simulation was to provide a quantitative 
basis f o r  decision-making, which rendered t h e  economic consequences of novel 
fores t  damage calculable. Individual equations were developed f o r  t h e  pr ice  index 
f o r  coniferous roundwood. f o r  coniferous sawn-timber and f o r  expor t  development. 
The resul ts  of t he  simulation are to be  found briefly summarised a f t e r  Mantau 
(1987) in MZe 7. The model is, according to the author,  a pure  supply model. That 
i s  to say, t h e  demand side has  no influence on the  running of the model. Sumrnaris- 
ing. one can see tha t  the export  t r ade  relations were clearly but not dramatically 
changed. This can also b e  said f o r  Scenario 11. The author  was able to show simi- 
lar changes in t h e  coniferous sawn-timber t r ade  in the framework of t he  SLIM- 
model (SLIM = Soft-wood Lumber Import Model) with a 10% reduction in t he  external  
value of t he  DM. 
Table 7. Results of t he  simulations according to the  Scenarios I and I1 in averages 
of t he  years  1982-1984. (Source: Mantau, 1987) 
Absolute* Percentile 
SaJety- 
I 11 I II factor 
Roundwood-market 
Fellings +I500 +3000 + 12 + 24 
Pr ice  indices 
1980 = 100 -5 -10 -5 -10 99.9 
deflation -2.5 -5 -3 -6 99.9 
in US$ -6 -12 -9 -18 99.7 
Export +380 +760 + 57 +I14 93.9 
Import -130 -260 -17 -33 79.8 
Rmbermarket 
Pr ice  indices 
1980 = 100 -1.5 -3 -1.5 -3 99.9 
in US$ -2 -4 -3 -6 99.8 
Production +I80 +360 +2.5 +5 77.7 
Export +60 +I20 +10 +20 84.7 
Import 
Sweden -55 -110 -5 -10 68.0 
Finland -45 -90 -7.5 -15 80.6 
Austria -90 -180 -16 -32 89.5 
USSR -10 -20 -2 -4 69.0 
Canada -15 -30 -14 -28 83.1 
USA -20 -40 -20 -40 68.6 
ROW -65 -130 -9 -18 85.6 
Imports, total -300 -600 -8 -16 
* In 1000 obrn, or in index-points. 
Dysktra and Kallio (1986) in the i r  timber market model in the  'Acid Rain' 
scenario also s ta r ted  from the  assumption tha t  between 1985 and 1995 t he  timber 
supply wi l l  increase because of sanitation fellings. I t  is  expected tha t  t he  annual 
increase in western Europe in t he  long term will recede by a third.  No distinction 
w a s  made between coniferous and deciduous timber, although Kauppi (1987) pointed 
out tha t  differences between species are to b e  expected. It  w a s  also assumed tha t  
t he  timber quality would not be  affected by the  damage. Scenarios from Dysktra 
and Kallio (1986) show tha t  a long-term reduction of increment would cause a de- 
crease in the production of timber goods. The paper  industry would hardly b e  af- 
fected. In t h e  shor t  term t h e  excess supply of timber due to sanitation fellings 
would cause timber pr ices  to fall. As a result ,  investment in t h e  timber-processing 
industry would become more interesting. The authors  concluded tha t  increased 
felling due to forest  damage in western Europe would certainly, in t he  shor t  term, 
have i t s  influence on t h e  forest  and timber economy. However, in t h e  long term 
this influence would not b e  so  significant. 
The study of Voss (1987) is pa r t  of the  same research  project  to which the  
study by Mantau (1987) also belongs. V o s s  studied the  possibilities of 'soaking 
treatment of timber as a measure to relieve the  market following fo re s t  calamities 
in t he  light of novel fores t  damage'. The s torage ability and timber quality as wel l  
as t h e  legal conditions and t h e  pract ice of official approval were examined. On the  
basis of t he  resul ts  of consultation, an  economic assessment of sawmills and forest  
enterprises  w a s  undertaken. Finally, timber policy aspects  were also discussed. 
3.2. The monetary evaluation of forest decline in Austria 
Scenario techniques have also been used in Austria t o  evaluate the  damage result- 
ing from fores t  decline. Stemberger (1987) maintains, however, t ha t  t he  calcula- 
tions made on the  basis of scenarios are not to be described as evaluations or 
monetarisations, but as expe r t  estimations of the  o r d e r  of magnitude to be expect- 
ed. One advantage of t he  use of scenarios, according to Stemberger, is  that  the  
consciousness aroused by them of t he  threatening future due t o  forest  decline in- 
creases t he  readiness to finance measures f o r  the reduction of emissions as soon 
as possible, and also to set new priorit ies in the  national economy and private 
households alike. I t  w a s  also pointed out that,  with respect  to t he  timber market, 
scenarios could provoke undesirable reactions. 
One of t he  ear l ies t  publications about the  national economic significance of 
fores t  damage due to a i r  pollution w a s  commissioned in 1985 by the Federal Minis- 
try f o r  Health and Environmental Protection in Austria (Schonstein and Schiirner, 
1985). Among o ther  things t h e  ministry wished to have, on the  basis of di rec t  in- 
vestigations and through secondary methods, a definition of t he  most seriously af- 
fected meas of damage. One of t h e  tasks in t he  study was t he  elaboration of a na- 
tional economic calculation of t he  measures necessary f o r  t h e  prevention of this 
damage. 
A s  w e l l  as forestry,  t he  sectors of timber economy, fores t  economy, secondary 
use, and also protection and performance relations in connection with the  public 
welfare effect  of fores t ry  were all considered. The latter includes water economy, 
and regional and social parity. The study w a s  car r ied  out using the  Brand1 and 
Matthies (1984) assessment system already mentioned. 
In o r d e r  to quantify these increment losses, t w o  scenarios were used. 
Scenario I was based on increment percentages of 0, 10, 20, and 50% f o r  t he  de- 
cline classes healthy (0) ailing (I) ,  diseased (2) and dead + dying (3). Correspond- 
ing percentages in Scenario I1 were 0,  10, 50, and 75%. The total Austrian produc- 
tive fores t  of 3.165 million hectares ,  with an average increment of 6.2 cubic me- 
ters outside bark  (Vorratsfestmeter) p e r  year  at an  average round wood pr ice  of 
950 Austrian Schillings (OS)/cubic meter (Erntefestmeter) (1983), would suffer a 
loss to the national economy of 449.2 million OS according to scenario I and 665.2 
million OS according to scenario 11. 
The authors, similar to Nieflein, assume that  on the point of immaturity, more 
than half of the  felling of spruce will be premature. This will lead to a reduced 
timber assortment yield. A t  a discounting of 4% over 20 years  and a reduction in 
revenue of 20 DM/ cubic m e t e r  due to pollution, this would give a sum of 1 0  
DM/cbm. 
In the  opinion of the  authors, in addition to the  deficiency in proceeds and the  
additional expenditure of harvesting, the re  is also a loss of bulk in the  harvest,  
quality loss of the  timber, mark4own in price because of the  supply volume, loss in 
the  assortment range, or timber sale at disadvantageous times. In a number of stu- 
dies in the  FRG, hardly any reduction in the  wood quality could be  ascertained as a 
oonsequence of forest  decline (e.g., Schulz, H. 1985). In this m e  damage to the  
extent of 773 million OS (scenario I) and 1250 million OS (scenario XI) w e r e  calcu- 
lated. Swiss and FRG methods and data served as t he  basis f o r  all the  four 
scenarios. N o  account was taken of the  reduction in value of the  remaining stands. 
On the  basis of FRG studies, increased cultural costs were set at 37.9 OS pe r  
hectare. This represents  an  annual loss fo r  the  national economy of 6.33 million 
0s. Also based on FRG experience, the increased silvicultural costs were se t  a t  
5000 DM/hectare. In conformity with Nieflein, a tripling of the  forest  protection 
costs from 3 DM to 9 DM p e r  hectare was expected. 
It w a s  ascertained from the  information about forest  decline in the  annual re -  
port  on forestry 1982 (cit. by Schiinstein and Schorner, 1985) tha t  the re  had been 
8,581 cubic meters of sanitation fellings over a damage area of 7,6512 hectares. 
&om this one can calculate a damage figure of the  amount of 58.8 million 0s .  In 
this study Schbnstein and Schorner, 1985). increased risks and secondary forest 
uses, such as collection of seeds, hunting, or sale of fungi, were not quantified. 
The restriction of the  protectional and recreational functions is to be con- 
sidered as very serious according to this study. In the  opinion of Aulitzky (cit. 
Schonstein and Schiirner, 1985), one must calculate average costs of 5 million OS 
(700,000 DM) fo r  one hectare of avalanche constructions. Should i t  occur that ,  
due only to the  influence of a i r  pollution, O.1X of the  Austrian protection forest  
had lost i ts  ability to protect  against avalanches and constructions were neces- 
sary,  i t  would involve costs amounting to 4.1 milliard 0s. If t he  area requiring san- 
itation w a s  one percent, then the  cost would climb to 41 milliard 0s. According to 
a Swiss study which w a s  not cited by Schbnstein and Schiirner, (1985), a loss of 
protectional function by 10X in the  Swiss protection forest  would cause costs of 50 
milliard Sfr ,  tha t  is. approximately 426 milliard 0s. In this study the  damage to the 
recreation and tourism functions w a s  said to be  unpredictable. 
Two variants were calculated f o r  fertilizing. In the  f i rs t  case, costs of 4,112 
OS/hectare were calculated fo r  a third of the  severely damaged (decline classes 2 
and 3) productive forest  area. This gave a total sum of 280 million 0s. In the  
second case it w a s  assumed tha t  liming at 3 tons per hectare would cost on average 
3750 million 0s. This meant costs of 766 million OS f o r  the  total severely damaged 
productive forest  in Austria. 
The experience in t h e  FRG was also refer red  to in quantifying the  increased 
casts of operational planning. Additional expense in t h e  amount of 211 O S  was ex- 
pected fo r  operational planning; this would mean a total sum of 109.5 million 0s. 
The shortfall in profits due to t he  reduction in assortments and excess supply 
of timber w a s  calculated to be  1.100 million OS (scenario I) and 527 million O S  
(scenario XI). The endangering of jobs w a s  given a value in Scenario I of 1.076 mil- 
lion OS and in scenario I1 of 1,616 million 0s. F'inally, reduction in tax benefits fo r  
t he  fores t  economy w a s  also calculated. This showed a reduction of tax benefits in 
the  f i r s t  case in t he  amount of 110 million OS and in t h e  second case of 221 million 
0s. The cost of scientific research  projects in connection with forest  damage w a s  
given as 255.6 million 0s. In this case the costs of t h e  SANASILVA-project in 
Switzerland w e r e  adopted directly. Many o the r  suitable areas of damage w e r e  
mentioned verbally but they could not b e  quantified due to a h c k  of an  appropriate  
method or f o r  various o the r  reasons. 
The total national economic detriment as a result  of fores t  damage due to a i r  
pollution amounts to a n  annual sum of 4,499.2 million 0s. The authors  of t he  study 
look upon this sum as representing a minimum amount. 
A second study on t h e  economic consequences of the  forest  damage in Austria 
w a s  published by Puwein (1987, 1988). In Puwein's study (1988) t he  major economic 
fac tors  such as production values and advance performances of fores t  economy, 
value of production in timber processing industry and tourism, investments in 
mountain-torrent and avalanche contractions, asset values of t h e  fores t  owner. and 
the  public welfare value of t he  countryside are all taken into account. These fac- 
tors are all elements from different areas of the  total  national accounts. 
Domestically produced goods and the  output contributing to the  gross  domes- 
t ic  product (GDP) are to be found on the  accrual  side of t he  total national ac- 
counts. Forest damage will influence the  forest  economy's contribution to the  GDP 
not only in terms of t h e  final production but also in t he  advance performance. In- 
crement damage in the  long term reduces the  timber volume to be harvest.  Due t o  
increased costs f o r  soil amelioration and forest  protection, t he  advance perfor- 
mance will r ise .  
To estimate t he  consequential effects of forest  damage on the  creation of 
wealth in forestry,  the  felling and yield scenarios of Frauendorfer (1987) were 
used. The monetary revenue w a s  ascertained from a simulation using Austrian 
yield and assortment tables (pr ice level 1986). This showed (a) tha t  under condi- 
tions of undisturbed forest  growth and retention of an approximately 120-year ro- 
tation, t he  creation of value in forestry would only change slightly. The forest  
economy contribution to t he  GDP, which was 0.7% in 1986, would decline to 0.5% in 
1996, assuming a growth of 2%; (b) under conditions of moderate forest  decline, t he  
final production would f i r s t  begin to fall significantly at t he  turn  of t he  millenium. 
With rising advance performances the  creation of value in t he  year  2026 will be  al- 
most a qua r t e r  lower than i t  would b e  with undisturbed growth; (c) in the  case of a 
pessimistic scenario, t he  final production of forestry would, through increasing 
sanitation fellings, g r o w  strongly in t he  next 20 years. Thereafter,  however, t h e r e  
would be  a decline and the  creation of value in t he  forest  economy in t h e  yea r  2026 
would only b e  half as high as it would be  with undisturbed growth (Puwein, 1988). 
In this  case t h e  timber economy could no longer be  supplied with domestic round- 
wood. The creation of value in t he  wood processing industry lay at 12.7 milliard OS 
in 1986, i.e., 0.9% of GDP. The GDP would therefore  hardly b e  influenced by forest  
damage. 
In contrast ,  t h e  contribution of tourism to t he  GDP was 6.62 in 1986. Assuming 
tha t  fores t  damage leads to recession in demand of 20% in the  summer tourist  traff- 
ic, t h e r e  would be  a reduction in t he  creation of wealth of 11 million OS (0.8% of 
GDP). 
On the  utilization side, fores t  decline could cause considerable investments. 
The protective constructions restraining avalanches and mountain tor ren ts  are 
largely public investments. In 1986 t h e  Federal Government of Austria, t h e  s tates ,  
and the  local authorities invested some 2.3 milliard OS in protective construc- 
tions. The r e p a i r  of catastrophe damage in 1985 cost 522 milliard 0s. The expen- 
di ture  from catastrophe funds rose constantly and significantly , which indicates a 
deterioration in t h e  state of protection forests.  If one assumes tha t  t h e  r e a l  dam- 
age  was four  times as high as tha t  covered by catastrophe fund expenditure, then 
t h e  damage quota f o r  1985 w a s  only 0.03%. 
Puwein (1988) sees secondary effects  with positive and negative influences f o r  
economic growth in t h e  fields of t h e  building economy and chemical industry, loss 
of income in t h e  fores t  and Umber economy, and regional economic consequences 
and burdens f o r  consumers (e.g., catalytic converters  f o r  automobiles) and busi- 
ness. In this  publication the accounting method with respect to damage due to 
fores t  decline i s  clearly shown. Novel fores t  decline would b e  ruinous f o r  some 
sections of t h e  economy, especially f o r  forestry.  I t  i s  shown, however, that in t he  
present  state of t h e  total national accounts, t h e  monetary damage would appea r  t o  
b e  relatively slight. The au thor  concludes from this  t ha t  t he  public welfare effects 
are more relevant  to t he  problem of fores t  decline, as had been discussed much 
ear l ie r .  Of t h e  literature available, i t  i s  t he  publications of Puwein (1987, 1988) 
which show up most clearly the misleading nature  of t he  present  total national ac- 
counts. 
3.3. Monetary evaluation of forest decline in Switzerland 
In Switzerland, Altwegg-Artz (1987) has examined the  method and significance of 
the estimation of t he  national economic costs of fores t  damage in alpine protection 
forests .  A national economic study w a s  made by a pr ivate  company (Basler et d., 
1986) using scenario techniques. There were t h r e e  different scenario elements 
which were based on each o ther .  The consequential effects of fores t  decline were 
looked a t  in t he  framework of t h r e e  scenario elements. These were: (a) t he  
development of fores t  damage, (b) t he  development of natural dangers,  and (c) the  
economic effects of fores t  decline. The scenario elements covered a time of alto- 
ge the r  20-40 years ,  divided into two phases of equal length of 10-20 years.  
A s  wel l  as t h e  commercial function of forestry,  t he  protection function will 
also b e  res t r ic ted  by fores t  damage. I t  i s  assumed that  developments must be com- 
bated with state measures. In t h e  authorss opinion, i t  i s  necessary tha t  t he  state 
obligates t he  fores t  owners to fulfill the i r  legal responsibilities. 
The protection function would bring with i t  various economic consequences. 
Particularly affected would be  tourism, surface engineering, industry and agricul- 
tu re .  In comparison with t h e  previous study, this investigation takes  into account 
some new aspects. 
The scenario i s  based on t h e  assumptions that:  
- as well as being dependent on local and climatic influences, t h e  development of 
t he  health of the fores t  will essentially b e  dependent on a i r  pollution, 
- t h e  legal provisions which are already in force' will not b e  sharpened very  
much. I t  must be  mentioned however t ha t  the new Swiss protection levels f o r  
harmful a i rborne  substances are significantly lower than those in t h e  FRG 
(Teufel, 1986), 
- t h e  acidification and toxification of the soil will continue, 
- t h e  state of t h e  fores t  will continue to deter iora te  and will only recover  a f t e r  
a period of 20 to 40 years.  In t h e  mountains especially relatively la rge  open 
areas will resul t ,  
- f o r  reasons of fores t  sanitation, t he  dying trees will b e  felled and removed 
from t h e  forest .  Open areas will be  reforested. I t  i s  expected, however, tha t  
part of t h e  reforestation will fail, 
- i t  i s  assumed tha t  fores t  owners will no longer b e  capable of guaranteeing 
fores t  care from the i r  own resources.  
Pour types of fores t  damage were defined. The timber perspectives of t he  
scenarios were distinguished in two phases: t h e  f i r s t  phase with s t rong increase in 
fores t  damage and t h e  second phase where t he  damage situation becomes more and 
more stable. 
The Swiss fores t  area covers  in total 11,000 square kilometers; with respect 
to t h e  protection function, this  sur face  was divided into t h r e e  degrees  of en- 
dangerment: I slight or decreasing endangerment, I1 existing endangerment, and I11 
clear existing endangerment. This, in conjunction with t h e  fores t  decline types (A, 
B, C, D), makes 1 2  surface categories. In a th i rd  step, assumptions were made as to 
how one can  r eac t ,  by means of measures of technical and organisational adapta- 
tion, to t h e  increase in natural dangers  and t h e  changes in water balance. The to- 
tal r isk increased by natural  dangers  involves not only t he  costs of t h e  measures 
but also t h e  damage costs due to more frequent occurrence of such events. In ord- 
er to cover  a par t icular  r isk - or damage level, increased costs are necessary. 
Very l ow  r isk values can, to some extent,  no longer b e  attained. Residual damage 
will also increase.  The optimum in protection measures l ies in the  area where t he  
sum of t h e  damage costs as a consequence of residual r i sks  and t h e  cost of protec- 
tion measures are at a minimum. 
In ascertaining t h e  economic consequences, the  previously mentioned 
scenario elements are used as a basis. These effects are indirect consequences of 
fores t  disease. They are a resu l t  of: 
- various measures against fo res t  decline 
- the  financing of t he  measures by the  economy and t h e  population 
- elementary damage, which i s  in fact ,  a consequence of the  deteriorating pro- 
tection function of t h e  fores t  
- t h e  increased objective and subjective residual risks. 
Political measures, financing, policy towards dangers,  and sensitivity were 
t h e  most important influencing factors .  The economic consequences of fores t  de- 
cline were diverted into a chain of effects specific to t ha t  branch and were ex- 
pressed as costs. The financial situation of fores t ry  was expressed in t h e  form of 
business achievement and was compared with a fictitious healthy fores t  scenario. 
For this  a number of different parameters  were taken into account. These were: 
growth, utilization, increment, harvesting costs, remaining operational costs,  and 
timber revenue. In addition, t h e  loss of value of t he  fores t  stand was evaluated. 
The cost of the construction m e a s u r e s  involved in t h e  protection function was es- 
timated. The costs included t h e  outlay and t h e  maintenance or renovation of t he  
constructions. No account was taken of discounting. According to Basler et a1. 
(1986) ignoring t h e  discount would lead to an overestimation of t he  costs. Instead, 
t h e  consequential costs (residual damage and consequential charges  to fores t ry)  
occurring at t h e  end of t h e  scenario time period of 40 yea r s  were not taken into 
consideration. Compared with t h e  study by Ewers et al. (1986) this  fact ,  in t h e  
case of a discounting of OX, would lead to a monetary underestimation of t h e  dam- 
a g e  in Switzerland. 
In other  areas of the  economy, the  increased residual risks, despite construc- 
tion measures, would have an effect on production and employment in the long 
term. This would particularly be the case with avalanche risk. In this way the so- 
cioeconomic situation in mountain areas would be most strongly influenced o r  
losses of jobs and income in the  economic sectors affected. 
Sensitivity to the  increased residual risks would be transformed in every 
economic sector into a plausible reaction function. The effects in all branches in 
terms of changes in job availability and of changes in the factor  income in this 
branch w e r e  estimated. These are to be seen in comparison with the  increase or 
decrease in jobs and the factor income profit (of creation of value) or loss, which 
occurs as a result of public adaptation measures in the  forest and building indus- 
try (Basler et &., 1986). 
Economic sects 
To estimate the  economic consequences fo r  forestry, the following factors  must be 
considered: 
- as a consequence of enforced utilization, timber utilization increases in the 
short  and middle term. In the longer t e r m  i t  will result, however, in a collapse 
of timber production: 
- due to forest  decline, timber increment will fall 
- growing stock will decrease rapidly 
- harvesting costs will r i se  
- other optional costs will increase steeply, especially a s  a result of reforesta- 
tion 
- timber supply will rapidly exceed timber demand. 
It  is to be expected that outside Europe, surpluses will also be produced. In 
the  short  and middle term this will lead to a drop in the  timber price and the 
timber revenue. Inferior quality timber assortments will appear (Basler et al., 
1986). According to Zuber (1987), 20% of the total utilization volume in the  Fores- 
t r y  Inspectorate of Graubiinden in 1986 consisted of sanitation fellings due to  
forest damage. In recent  years this proportion has risen constantly. In Switzer- 
land, in o rde r  to combat the  damage, individual enterprise planning has been em- 
ployed (Schlaepfer et &., 1986). The principle illustration of the influencing fac- 
tors of business achievement can be found in f i g u r e  22 (Basler et &., 1986). 
Based on current  prices, i t  can be  ascertained that  Swiss forestry can pro- 
duce a revenue of approximately 600 million Sfr  pe r  year.  In the  face of this, 
there  is  an outlay of 530 million Sfr. The operating results are thus approximately 
70 million Sfr/yeetr. 
In the  forest-decline scenario, the  outlay and revenue figures change consid- 
erably as time goes on. In Phase 1 the  operating results show a negative balance 
of approximately 430 million Sfr/year. I t  is assumed that  the  public sector would 
provide the  required financial means fo r  necessary utilization, reforestation, and 
o ther  silvicultural m e a s u r e s .  This would give r ise to a positive effect of job crea- 
tion in the  forest  industry. In Phase 1 the creation of jobs would increase in pro- 
portion to utilization. However, i t  would probably prove difficult to obtain labour 
at the  time required. About 7,600 ext ra  jobs are calculated f o r  forestry. The ad- 
ditional factor  income in this Phase 1 is 230 million Sf r  annually in mountain areas 
and 100 million Sf r  in central areas. 
In Phase 2 an increased requirement of manpower is also expected. A t  the  be- 
ginning of this phase, enforced utilization and reforestation are most  prominent. 
Towards the  end of the  phase, silvicultural measures fo r  the  care of the  forests 
predominate. If one compares the  operating results of the  forest-decline 
scenarios with those of a undamaged forest, there  would be supplementary outlay 
in Phase 1 of 500 million Sfr/year and in Phase 2 of 300 million Sfr/year, if the  up- 
keeping the  forest is to be maintained (Basler et &., 1986). 
The change in growing-stock value i s  to be seen in lsYgure 12. In Phase 2 the  
rising timber prices become positive. However, since the  stand density is  reduced, 
the growing-stock value of an undamaged forest is no longer able to be attained. 
The timber economy would benefit from the  falling timber prices in Phase 1. 
This would result in a positive job creating effect. Altogether 2,000 ext ra  jobs are 
expected to be created. This would give a factor income of 120 million Sfr/year. 
In the second phase, however, the  jobs would again be  lost with 1,250 and the  fac- 
tor income would be  set at a figure of minus 80 million Sfr/year. 
The consequential effects of the  protection measures against natural dangers 
would, in the  both phases, be  positive. Protection against avalanches, floods, and 
rock f a l l  would cost 14,000 million Sfr  in the  f irs t  phase. In the second phase a 
sum of 4,000 million Sfr  w a s  calculated. In the  construction business in both 
phases, a total of over 10,000 new jobs were created. The factor  income in the 
construction business would amount to a total of 520 million Sfr/year. As a result 
of residual damage, further  costs would be incurred despite protection measures. 
These costs would be 380 million Sfr/ year  in Phase 1 and 555 million Sfr/year in 
Phase 2. 
In the  case of tourism, a recession of 20% in Phase 1 and of 30% in Phase 2 in 
the number of overnight bookings was expected. These serious drops would be ac- 
companied by noticeable employment losses. The factor income in the hotel busi- 
ness and from secondary earnings w a s  given in Phase 1 as 280 million Sfr/year and 
in Phase 2 as 430 million Sfr/year. 
In surface engineering, jobs would also be lost. The factor income in Phase 1 
would also be  minus 70 million Sfr/year and the  Phase 2 minus 110 million Sfr/year. 
In industry also there  were negative results to be recorded. In both phases to- 
gether 17,000 jobs would be lost. One must expect a negative factor income of 390 
million Sfr/year in Phase 1 and 580 million Sfr/year in Phase 2. 
In the  field of agriculture, increasing natural danger w a s  expected in moun- 
tain areas. In the  long term, the  closing down of 900 agricultural enterprises w a s  
calculated. The corresponding factor income losses were set at 35 and 45 million 
Sfr/year. 
A continued drop in employment in the  secondary and ter t iary sector of 
15,600 jobs, and an estimated reduction of the  factor income in the  amount of 700 
million Sfr/yctar w a s  presumed. The tax revenue in municipalities and cantons in 
mountain areas would be  reduced by 90 million S f r  each in Phase 2. On the  other  
hand, the  municipalities would never be  able financially to master the burdens 
which have arisen. In the  following W L e  8 the  costs of direct damage as a result 
of forest decline in Switzerland have been compiled fo r  two phases of 15 years 
each. 
The total costs amounting to 44 milliard Sfr  are equivalent to a sixth of the 
annual gross national product of Switzerland. This sum will be reached if the  costs 
accruing in the  future are not discounted (discount rate of OX). The average annu- 
al damage costs of forest decline, at 1-2 milliard Sfr,  absorb 40 to 80 percent of 
the  long-term real growth of the  GNP which is approximately 1 percent. They are 
equivalent to 55 to 110 peroent of the Federal expenditure on national defense o r  
Table 8. Direct costs of fores t  decline in Switzerland. (Source: Basler et a l . ,  
1986.) 
Costs of damage 
Ctlmulated Phase 1 Phase 2 
mil l ion mil l ion * / y e a r  
Forestry 12000 500 300 
Protection 18000 900 300 
Additional damage 14000 380 530 
Total damage to t he  neares t  
milliard S f r  44 1.8 1.2 
f o r  social welfare (Basler et d., 1986). Looked at in this way t h e  costs appear  to 
be  manageable but, according to t h e  authors,  this  picture i s  deceptive, since i t  re- 
f lects  only part of t h e  costs. N o t  included h e r e  are those costs which cannot, or 
only with difficulty, be  quantified, such as the  costs concerning water balance, loss 
of t h e  values of nature,  or ethical questions. 
In recent  years  subsidies f o r  fores t ry  measures have been considerably in- 
creased in Switzerland. In 1987, 35.5 million S f r  ( + I 1  million S f r )  were granted 
f o r  t he  remedying of forest  damage and the  care of mountain forests ,  and 37.1 mil- 
lion S f r  (+30.1 million Sf r )  f o r  avalanche constructions. In total ,  t h e  Parliament 
granted 157.7 million S f r  f o r  fores t ry  measures in 1988. On top of this come 1.93 
million S f r  f o r  fores t  education and fu r the r  training, and 7 million S f r  f o r  invest- 
ment loans. In comparison to t h e  preceding year ,  this represen ts  an  increase of 
approximately 33.67 million S f r  or approximately 12%. S ta te  expenditure f o r  
fores t ry  thus, at this time, re presents  2.5% of total  state expenditure. A t  an  aver-  
age  of approximately 150 Sf r /hec ta re  t he  state expenditure f o r  fores t ry  has  taken 
on proportions which would have been inconceivable 6 or 7 yea r s  ago. According 
to t he  budget plans of t h e  Executive National Council, t he  financial allowance of 
t he  S ta te  should be  increased by a fu r the r  50  million S f r  to approximately 200 mil- 
lion S f r  by 1991 (Zimmermann, 1988). 
Since the  beginning of the  1980ms, novel forest  decline has aroused the  public in- 
terest and concern. This damage is very different from the  previously known 
forest  decline, especially in the  light of the  geographically widespread nature of 
the  damage symptoms to different tree species, as wel l  as t he  rapid advance and 
chronic nature of t h e  disease. The cause of t he  damage has  still not yet  been 
unambiguously defined. However, a i r  pollution i s  generally recognised to be  a sig- 
nificant factor.  Air pollution w a s  long ago identified as a cause of to health and ma- 
terial things. 
In o r d e r  to quantify this damage scientists in America in t he  1970's and later 
in Europe began to make monetary estimates of the environmental damage. The 
cri t ical  fac tor  h e r e  is also to evaluate t he  utility of the  environment, instead of 
only counting the  cost  of environmental protection measures. 
Recently more serious discussions about the  connections between ecology and 
economy have taken place. The cr is is  in the  forestry sector not only manifest a 
cris is  in economy, but i t  also indicates the  instability of ou r  complex social system. 
Criticism is often voiced about the  anthropocentric behaviour of man. A new doc- 
t r ine  of management is required where a n  appropriate ,  compatible, and enduring 
existence must b e  assured f o r  t he  whole living community. This doctrine requires 
a stronger  commitment on the  p a r t  of environmental and forest  policy. On the  one 
hand, the  revenues from forestry have moved more and more from the  private t o  
the  public sector .  They have thus become external and serve  the  community a s  a 
whole. On the  o ther  hand, t he  costs in forestry have risen considerably. In the  
opinion of the national economists this external  fac tor ,  in t e r m s  of the whole econ- 
omy, should be  included in decision-making calculations, and from the  national 
economic point of view, should also be  openly identified in fores t ry  decision- 
making models. The question has been asked whether the  evaluation methods used 
up t o  now in fores t ry  can be  really co r r ec t  any more. Forest policy consequences 
should be  based not only on forest  economics but also on national economics. A 
closer cooperation between the  disciplines of forestry and national economics is 
thus demanded. A s  in o ther  environmental a reas ,  consideration i s  being given to 
ways of encouraging fores t  owners to offer  subsidiary services  such as protection 
and recreational functions. 
Public knowledge of the  extent of the  damage to forests  has made the  evalua- 
tion of the  economic consequences of forest  damage of cur ren t  topical interest.  
The evaluation can be  made in terms of operations o r  of economics. In the  Federal 
Republic of Germany, Austria and Switzerland, separate national economic evalua- 
tions about t h e  extent  of forest  decline have been made. For various reasons the 
importance of t he  forests  in these countries is very high. In the  Federal Republic 
of Germany t h e  recreational function of t he  fores t  is very important, and in 
Switzerland and Austria tourism makes a very high contribution to the  gross  na- 
tional product. The function of t he  fores t  in protection from avalanches and moun- 
tain tor ren ts  is also significant in t he  latter two countries. Finally, t he  differing 
rank position of importance of fores t ry  and fores t  economy i s  governed in each of 
t h e  individual countries by the  s t ruc ture  of ownership. This i s  also of consider- 
able importance to fores t  policy in each part icular  country. 
When one compares the  investigations and estimations f o r  monetary evaluation 
made in t h e  three countries, then one can see tha t  t h e  evaluations of damage were 
initiated at almost t he  same time. The f i r s t  study w a s  completed in Austria in 1985. 
In the same yea r  a synopsis w a s  also published in Bavaria. In 1986 national 
economic studies on the  evaluation of forest  damage appeared in the  Federal 
Republic of Germany and in Switzerland. A purely national economic study w a s  
published in Austria in 1987. These studies all make use of the  scenario technique. 
In addition, in t he  Federal Republic of Germany (UBA-study, Ewers et aL., 1986) the  
Delphi-Process w a s  used to employ exper t  knowledge quickly and effectively. The 
subsections in t he  forest  damage evaluation are partly the  s a m e  and partly diver- 
gent. In the UBA study distinction w a s  made between fores t ry  and timber economy, 
leisure and recreation. and water and soil. In the  f i r s t  Austrian studies these sec- 
tions w e r e  also considered, in addition to,  f o r  example, the  reduction in taxation 
revenue. In Switzerland. consideration w a s  also given to t he  positive effects of in- 
creased employment, as well as t he  evaluation of t he  dimage, especially in 
avalanche and mountain stream construction work. These studies also dealt  with 
t h e  influence of forest  decline on agriculture and industry as w e l l  as in t he  secon- 
dary sectors. In Austria. particular concentration was given in t he  purely national 
economic study to t he  influence of forest  damage on the  gross  national product. A 
particular problem w a s  posed by discounting. In the  UBA study the  final decision 
was left  to t he  policymakers and calculations with different discount rates were 
presented. These varied from 0% to 3%. The evaluations with a discount rate of 2% 
were held t o  be realistic, although i t  w a s  commented that  these values of nature 
would be  more correct ly  calculated with a discount rate of zero. In t he  UBA study, 
residual damage i s  also considered. In contrast the  residual damage is not con- 
sidered in t h e  Swiss study but t he  calculations were made with a discount r a t e  of 
zero. In both of t he  Austrian studies, only annual monetary damage w a s  calculated. 
Thus one cannot compare the  studies too directly o r  too strictly with each other .  
However. attempt will be made to make a comparative synopsis of the  resul ts  of the  
works. ZhbLe 9 should b e  helpful here.  
In ZhbLe 9, t he  calculated total  damage figures and the  annual damage in t he  
respective currencies  of t he  countries can be seen. Also displayed are the  gross 
national products (GNP; in Austria, t he  gross domestic product GDP) of t he  indivi- 
dual countries. In Austria, in fact ,  two different studies were published. In t he  
f i r s t  case  total  annual damage w a s  estimated at 4,499.2 million O S  (1983 price lev- 
el). This would represent  0.3% of the  GDP. In t h e  publication by Puwein, annual 
damage amounting to a maximum of 1.5% of the  GDP f o r  in t he  next 30 years  w a s  
mentioned. This would b e  roughly ca. 21.6 milliard 0s. In t he  Swiss study total dam- 
age  amounting to 44 milliard S f r  (17% of the  GNP) w a s  given. In t h e  f i r s t  15-year 
phase a n  annual damage of 1.8 million S f r  w a s  estimated, amounting to 0.7% of t he  
GNP. In t he  Federal Republic of Germany different variants of t he  scenarios were 
worked out. Only in this UBA study i s  a connection clearly made between a reduc- 
tion of emissions and the  scenario. In the  Trend Scenario (low emissions) a total 
damage of 211.4 milliard DM w a s  calculated, tha t  i s  11% of the  GNP; in the  case of 
t h e  Status-quo Scenario (high emissions) 344.2 milliard DM, or 182 of the  GNP. The 
corresponding annual damage sums would be  5.5 milliard DM, i.e., 0.3% in the  Trend 
Scenario and 8.8 milliard DM, i.e., 0.52 in t he  Status-quo Scenario (with a discount 
rate of 22 in all cases). One can then ascertain tha t  with a total damage of 17% in 
Switzerland, and, using the Status-quo Scenario (high emissions) in the  Federal 
Republic of Germany, these two countries show the  highest values of d c u l a t e d  
damage. If one calculates, with a certain caution, t h e  damage in DM p e r  forest  
area and p e r  inhabitant in each country, one reaches  the  following conclusions: 
t h e  total damage in DM p e r  hec tare  would be highest in Switzerland with 48,500 DM, 
closely followed by the  FRG, in t h e  case of Status-quo Scenario (high emissions), 
with about 47,000 DM. The annual damage would be  highest in Switzerland in t h e  
f i r s t  phase with approximately 1,980 DM, and in FRG in the  Status-Quo Scenario 
1,205 DM. In Austria. annual damage would vary from 170 to 815 DM/ha forest  
area. If one looks at t he  calculated damage p e r  capita in each country then one 
can  see t h a t  the  total damage in Switzerland i s  8,200 DM/inhabitant, and in the  FRG 
in t h e  case of high emissions i s  5,800 DM p e r  inhabitant. The annual damage would 
Table 9a. Total forest area,  number of inhabitants and GNP in Austria (A), 
Switzerland (CH) and the  Federal Republic of Germany (FRG). 
Tot& CNP 
Jorest Inhabi tants  Mrd. DM 
C o u n t m  Hio. h a  Hio. * 1885 ** 
A 3.8 7.6 206 
FRG 7.3 61.1 1949 
* All data rounded 
** Souroe: Fochler-Hauke, G. (Hrsg.) 1987. 
Table Sb. Evaluated total monetary damage in Austria (A), Switzerland (CH) and 
the  Federal Republic of Germany (E'RG) evaluated monetary damage in X of the 
GNP, damage per  total forest area (ha) and damage pe r  inhabitant. 
Damage per  
Damage Damage i n  X tot& forest 
C o u n t m  Mrd. M of area  DM/ha 
A annual 0.64') 0.3 170 
annual 3.09 max. 1.5~) 815 
CH ~ o t a l ~ )  53.24 17.0 48500 
I. Phase 2.18/yr 0.7 1985 
11. Phase 1.45/yr 0.5 1310 
Damage per  
inhabi tant  
DM 
F R G ~ )  Total T 211.4 11.0 28960 3460 
Total S 344.2 18.0 47150 5635 
annual 2XT 5.5 0.3 755 90 
annual 2XS 8.8 0.5 1205 145 
(annual OXT 11.5 0.6 1575 190 
annual OXS 18.3 0.9 2510 300) 
1) Schonstein and Schbrner, 1985. 
2) Puwein, 1987. 
3) Basler et at., 1966. Disaount rate OX, residual damage not acoounted. 
4) Ewers et al., 1986. Discount ra te  22, residual damage accounted. T = Trend scenario, 
S - Status quo soenario. 
* All data rounded 
amounts to 340 DM per  inhabitant in Switzerland, and 145 DM in FRG. The annual 
damage varies in Austria between 85 and 410 DM per  inhabitant. 
In the  field of the  timber economy, i t  is the same f o r  all studies that the 
development of the  timber market cannot be predicted. For this reason the models 
are restricted m d y  to a shorter  time period. All studies expect an increased 
timber supply in the  near future as a result of the  damaged timber. The ability of 
the timber-processing industry to absorb this supply is evaluated differently. A 
fa l l  in price is expected in any case. A slight restructuring in the field of export 
t rade  is also expected. Domestic demand for  wood should rise. In order to relieve 
the  market, conservation of the timber and stronger export have been mentioned. 
The effects of forest damage on small enterprises, according to a number of 
studies, can be devastating. The growing stock and the increment will be reduced 
as a result of novel forest damage. The increase of costs will be considerable fo r  
different reasons such as necessary silvicultural transformations, amelioration 
and more extensive and expensive administration. The savings-bank function of 
s m a l l  forest  property will also become insignificant. The public will be  more and 
more obliged to support forestry.  In o r d e r  to solve all these problems i t  will be 
necessary to recognise the  value of the  forest  and i ts  functions. A start has been 
made, but i t  requires fu r the r  thorough research  to b e  able to solve the  exception- 
ally difficult and complicated problem of the  evaluation of damage to t he  forest  and 
the  environment. 
References 
Anon., 1983: Welche Auswirkungen hat  das  Waldsterben auf den Haushalt d e r  Bay- 
erischen Staatsforstvenraltung. AFZ s., 703. 
Anon., 1986: Zum finanziellen Bewerten (Monetarisierung) d e r  Waldschaden und 
einige Folgewirkungen in d e r  Bundesrepublik Deutschland. AFZ, 8. 
Anon., 1987: Hypothesen zu den Ursachen d e r  neuartigen WaldschBden. 
Mmsch+umweLt 2987: Patient W d d .  Gesellschaft fiir Strahlen- und Umwelt- 
forschung (GSF), Miinchen. 
Anon., 1988: Rib :  Walderneuerungsprogramm Harz gestartet .  Pfanzarbeiten auf 
6200 Hektar notwendig. AFZ, 9-10. 
Altwegg-Artz, D., 1987: Bedeutung und Methoden einer  ScGtzung d e r  
volkswirtschaftlichen Kosten des  Waldsterbens in alpinen Schubw&ldern. 
Allg.Forst-u.L-Ztg., 4. 
Athari, S. und Kramer, H., 1984: Ergebnisse d e r  ertragskundlichen Unter- 
suchungen in zwei Fichten-Altbesthden im Hills. In Berichte des  
Forschungszentrums Wdd6kosystemefWaldsterben, Bd. 2. 
Basler, E. und Par tner ,  1986: Die wirtschaJtlichen Folgen des  Wddsterbens in 
der  Schweiz. SGU Zurich. In Zusammenarbeit mit Brugger, Hanser & Par tner .  
Bauer, F. (Hrsg.), 1985: Die Sache mit dem W d d .  BLV-Verlag Munchen. 
Baule, H. und Hiittl, R.F., 1987: 'Neuartige8 Waldschgden und 
Restabilisierungsma/3nahmen. W;: 5. 
Bayerische Forstliche Versuchs- und Forschungsanstalt, 1987: Grundsatze  der  
Diingung i m  Wald - Diingerichtlinien 1987 f i r  den  bayertschen 
Staatswald.  Bayer. Staatsregierung f u r  Ernahrung, Landwirtschaft und 
Forsten. 
Berndt, M.. 1986: Managementprogramm zur  Berechnung von Hiebsunreifever- 
lusten. FHW, 6. 
Bergen, V., 1987: Nadelstammholz- Angebot und Waldschaden in d e r  Bundesrepublik 
Deutschland. FHW, 14. 
Bonus, H., 1984: Waldkrise- Krise d e r  Okonomie? AFZ, 46. 
Brabander, H.D., 1987: Wirtschaftliche Dimensionen d e r  Waldschzden in d e r  Bun- 
desrepublik Deutschland und Kosten von Sanierungsmassnahmen. FA, Heft 2. 
Brandl, H. und Matthies, F., 1984: Bewertungssystematik fiir Waldschaden durch 
Luftverunreinigungen. FWW, 1. 
Bundesamt fiir E h r u n g  und Forstwirtschaft, 1987: E i M u o  uon LuJYuerun- 
r d n i g u n g e n  a d  Biiden, C e w k s e r ,  FZora u n d  Frruna. Arbeitsmaterialien. 
Frankfurt am Main. 
Bucher, J.B., 1984: Bemerkungen zum Waldsterben und Umweltschutz in d e r  
Schweiz. Fb.Cbl., 16-27. 
Callaway, J.M., Darwin, R.F. and Nesse, R. J., 1986a: Economic m e c t s  of Hypotheti- 
cal Reductions in Tree Growth in the Northeastern and  Southeastern Unit-  
ed SCates. Pacific Northwest Laboratory Richland, Washington 99352. 
Callaway, J.M.. Darwin, R.F., and Nesse, R.J., 1986b: Economic valuation of acid 
deposition damages: preliminary results from the  1985 NAP* assessment. Wa- 
ter ,  Air, a n d  Soil Pollution, 31. 
Capra, F., 1986: Wendezeit. Bausteine jFir ein neues Weltbild. Scherz- Verlag, 
Bern, Miinchen, Wien. 11. Auflage. 
Crocker, T.D. and Forster  ,B.A., 1986: Atmospheric deposition and forest  decline. 
Water, Air, and Soil PoUution, 31. 
Dysktra, D. and Kallio, M., 1987: Analysis  of Sens i t i v i t y  of Forecasts of Outlook 
Studies  to m e r i n g  Hypotheses jbr Development in  Forest Lhmage. Econom- 
ic  and Social Council, Timber Committee, 44. Session, 13-17 October, 1986. 
Eckmiiller, 0. und Sterba,  H., 1987: Zuwachsverlagerungen als sensibler Indikator 
fiir kiinftige Zuwachmerluste. In Fbrschungsini t iat ive  gegen d a s  WaZdster- 
ben. Bericht 1987. Bundesministerium fiir Wissenschaft und Forschung. Wien. 
Eckmiiller, O., 1988: Zuwachsuntersuchungen an R c h t e  i m  Zusammenhang mil 
neuar t igen  Wddschiiden. Dissertationsarbeit a n  d e r  UniversitAt fiir Boden- 
kultur. Wien. 
Encke, B.G., 1988: Von d e r  Forstlichen Hochschulwoche 1987 in Miinchen. 
WaldschBden, WalderkrankungSzenmien, Naturschutz und Waldschutz. AFZ, 
12. 
Ewers, H.-J. und Schulz, W., 1982: Die monetkren Nutzen 
geuriEssergiiteuerbessernder Massnahmen - dargestell t  a m  Beispiel des  Te- 
gaZer Sees in Berl in.  UBA Berichte 3/82. 
Ewers, H.-J., Brabander, H.D., Brechtel, H.-M., Both, M., Hayessen, E., Miihring, B., 
Moog, M., Nohl, W. and Richter, U., 1986: Zur  monetkren Bewertung der  
Umweltschaden. Methodische Untersuchung am Beispiel de r  Waldschaden. 
UBA, Berichte 4/86. 
Ewers, H.-J., 1986: Kosten d e r  Umweltverschmutzung - Probleme und Erfassung, 
Quantifizierung und Bewertung. In Kosten d e r  Umweltverschmutzung. 
Tagungsband zum Symposium in Bundesministerium des Innern a m  12. und 13. 
September 1986. UBA- Berichte 7/86. Erich Schmidt Verlag Berlin. 
Fahser, L., 1985: Ein Szenario bis zum Jah re  2000. Megliche Waldzustandsentwick- 
lung und Folgen fu r  die Forstwirtschaft. In Die Sache mit  dem Wald. BLV- 
Verlag Miinchen. 
Fahser, L., 1987: Die Okologische Orientierung d e r  Forst Okonomie. FA, Heft 2. 
Fochler-Hanke, G., (Hrsg.), 1987: Der Fischer Weltalmanach. Frankfurt am Main. 
Franz, F. und Riihle, H., 1985: Zum Wuchsverhalten geschadigter Waldbestiinde in 
Bayern. In Nieplein, E. et aZ., (1985) W a s  w i r  uber d a s  WaZdsterben w i s sen ,  
Deutsche Institutsverlag Koln. 
M n z ,  F., Pretzsch, H., und Rohle, H., 1987: Walderkrankung und Zuwachs. AFZ, 
12. 
Frauendorf e r ,  R., 1987: Die Forstwirtschaft als Rohstofflieferant im 21. Jahrhun- 
der t .  In Rossmanitz, H.P., Wddschiiden - Holnuirtschqft. Wien. 
Ge-nn-Biihm, S., 1985: Die Auswirkungen d e r  Immissionssch&den auf den 
Bauernwald im Schwanwald. In Die Sarche mit  dem W a d .  BLV-Verlag Miinchen. 
Glatzel, G., 1987a: Kalk und Diinger als Medizin fiir kranke Wader? CX;, 5. 
Glatzel, G.(Red.), 1987b: Ursachen des  Waldniederganges in Osterreich, Bericht 
1987 d e r  FIW. OY;, 5. 
Gremtnger, P., 1985: 1st die  Walddiingung etne wirksame, vox-iibergehende 
Htlfsmassnahme zu r  Revttalisierung von geschiidigten Waldbeskden?  
Schweiz.ZJ;brstures.. 5. 
Gundermann, E. und Mergner, W., 1984: Miiglichkeiten und Grenzen des  Einsatzes 
d e r  Szenario - Technik zur AbschBtzung d e r  Auswirkungen des  Waldsterbens. 
fi.C%lS., 164-170. 
Gussone, H.A., 1987: Kompensationskalkungen und die Anwendung von Diigemitteln 
im Walde. FHW, 6. 
Hampicke, U., 1987: Naturschutz als iikonomisches Problem. m, 2. 
Hiirle, E., 1986: Wirtschaftliche Auswirkungen d e r  Waldschaen auf einem kom- 
munalen Forstbetrieb. AFZ, 8. 
Hjerppe, R.T., 1988: Ympiiristiitalouden keskeisiB periaatteita.  (Central principles 
of environmental economic, in Finnish). RedepoLitiikka, 1. 
Hiittermann, A., 1987: Zur Frage einer  miiglichen Beteiligung von elekromag- 
netischen Strahlen a n  d e r  neuartigen Schiidigung des Waldes. FHW, 21. 
Hiittl, R.F., 1987: 'Neuartige' WaldschBden, ErnBhrungsstkrungen und Dungung. 
AFZ 12. 
Isermann, K., 1985: Diagnose und Thempie d e r  'neuartigen Waldschaden' aus  d e r  
Sicht d e r  WaldernBhrung. MII-Betichte 560. 
Jobst, E. und Karl, J., 1984: Miigliche Folgen des  Waldsterbens im Hochgebirge. 
Fb.CbL.S., 184-194. 
Juhatz, F., 1986: Umweltbezogene Anwendungen von Kosten-Nutzen-Analysen 
auoerhalb d e r  Bundesrepublik Deutschland. In Kosten d e r  Umweltver- 
schmutzung.  Tagungsband zum Symposium in Bundesministerium des Innern a m  
12. und 13. September 1985. Umweltbundesamt. Berlin. 
Kafka, P., 1988: Das Gesetz des  Aufstiegs. Fortschrit t  - w a s  is t  das  eigentlich? 
Sfiddeutsche Z d t u n g ,  106. 
Kapp, K.W., 1979: SoziaLe Kosten d e t  Marktwirtschfl .  Frisnkfurt. 
Kauppi, P., 1987: Forests and the  changing chemical composition of t he  atmo- 
sphere.  In Kallio e t  aL., 1987, The Global Forest Sector: An Analyt ical  Per- 
spective, John Wiley & Sons. 
Kato, F., 1985: Aufgaben und Probleme d e r  Waldbewertung in Theorie und Praxis.  
AFZ, 21. 
Kato, F., 1986: Vereinfachte Bewertung d e r  Hiebsunreife. FHW, 6. 
Keufel, W. und Miihring, B., 1986: Bewertung von ImmissionschBden im einzelnen 
Forstbetrieb durch Betriebsanalyse und EDV-gestiitzte Modellkalkulation. FA 
S., 15-19. 
Krapfenbauer, A., 1988a: BLickpunkte zum Problem Umweltbelastung - Waldster- 
ben. Wien/Spital a.d.Drau. 
Krapfenbauer, A., 1988b: Ozontagesglinge i n  400 und 700m f i h e  a m  West-Hang 
des  RosaZiengebirges. Vortrag am Int. Symposium 'Verteilung und Wirkung von 
P h o W x y d a n t i e n  im Alpenraurn' 11-15 April 1988, Garmisch-Partenkirchen, 
BRD. 
Krause, G.H.M.. Arndt, U., Brandt, C.J., Bucher, J., Kenk, G., and Matzner, E., 1986: 
Forest decline in Europe: Development and possible causes. Water, Air, and 
SoiL h U u t i o n ,  31. 
Kroth, W. und Bartelheimer, P., 1984: Alterswertfaktoren als Hilfsmittel d e r  Wald- 
bewertung. AFZ, 21. 
Kroth, W., 1985: Zur Bewertung von Waldschiiden. Fb.C%LS., 255-263. 
Kroth, W. und Bartelheimer, P., 1987: Bewertung von Immissionssch~den. Werter- 
mtttlungsg%rum, Heft 3. 
Kuusela, K., 1987a: SUuicultural  Regimes in the Cause and met Relationships 
of the  Forest-hmage S t u a t i o n  in Central Europe. International Institute 
f o r  Applied Systems Analysis, Laxenburg, Austria, Publication Number 41 of 
the  Project:  Ecologically Sustainable Development of t he  Biosphere. 
Kuusela, K., 1987b: Northern Boreal Forest Resources, the ir  Uti l izat ion and 
Ecology. ' m e  Evergreen Crown of the Globe'. IUlPRO Sl.05-12 Symposium 
16-22.8.1987 in Rovanierni, Finland. 
Mantau, U., 1987: SmuLat ion  erhiihter EinschLagsmengen i m l g e  neuart iger 
Wddschfiden u n d  f ire  o'konomischen FoLgen f i r  d e n  Nadel- 
schntttholzmarkt.  Reiburg .  
Matthies, F., 1985: Bewertung d e r  Sozialfunktionen des Waldes. AFZ, 21. 
Matzner, E., Ulrich, B., Murach, D., RostSiebert ,  K., 1985: Zur Beteiligung des 
Bodens am Waldsterben. FWW, 11. 
Miihring, B., 1984: Miiglichkeiten d e r  Erfassung und Abbildung irnmissionsbedingter 
wirtschaftlicher Schgden aus  einzelbetrieblicher Sicht. AFZS., 493-496. 
Mohring, B., 1985: Die Bewertung von Zuwachsschiiden rnit Hilfe eines Simula- 
tionsmodells. AFZ, 21. 
Mohring, B., 1986: Dynamische Betriebsklassensimulation. E i n  HiZfsmittel f i r  
die Wddschadensbewertung u n d  Entscheidungsf indung i m  Forstbetdeb. 
Berichte des FZ:s Wald6kosysterne/Waldsterben, Bd. 20. 
Mohring. B., 1987: Zur EDV-gestiitzten Analyse von Kennziffern eines Betriebsver- 
gleichs. FWW, 14. 
Moog, M. und Piittman, F., 1986: Uberlegungen zur  Bewertung von Minderungen d e r  
Bodenschutzleistung des  Waldes mft einem praktischen Beispiel. FWW, 6. 
Moog, M., 1987: Untersuchungen zum Angebotsverhalten d e r  Landesforstverwaltung 
Baden-Wiirttemberg . FHW, 14. 
Miiller-Wenk, R., 1978: Die 6kologische Buchhaltung. E i n  I m r m a t i o n s -  u n d  
Steuerungsinstrument  f i r  u m w e l t k o ~ o r m e  Untemehmenspolitik.  Frank- 
fur t .  N e w  York. 
Netsch, W., 1985: M6gliche Auswfrkungen d e r  Waldschgden auf baiierliche Forst- 
betriebe. Fkr.C'bl.S., 263-271. 
Nieplein, E. und Voss.G., 1985 (Hrsg.): W a s  tvir iiber das  Wddsterben wissen.  
Deutsche Instftutsverlag Koln. 
Nieflein, E., Loosen, H.-J.. Wilkening, W., Giinther, K., Tampe4loff. M. und Saile, 
P., 1986: &Xonomische und politische FoLgm des Wddsterbens. Projekt von 
Europiiisches Forschungszent~rn  fiir Luftreinhaltung (PEF). KfK-PEF 18. 
Nilsson, S. and Duinker, P., 1987: The Extent of fores t  decline in Europe. Enuiron- 
m t ,  29(9). 
Ollmann, H., 1985: Der Holzverbrauch in d e r  Bundesrepublik Deutschland bis zum 
J a h r e  2000. In Die *he mt t  d m  W d d .  BLV-Verlag Miinchen. 
Owczarzak, S., Skalecki, C., Splawa-Neyman, S., Walkowiak, M., Wargin, H., 
Wojciechowski, Z., and Wroblewska, H., 1987: Determination of O u d i t y  of 
Pine Wood Hawusted in Forest S tands  h m a g e d  by Industrial  FbUutants. 
Agricultural Academy of Warsaw, Faculty f o r  Agricultural and Forest En- 
gineering, Department of Forest Mechanization. Warsaw.  
Pfleiderer,  E.-H., 1984: Waldsterben aus  d e r  Sicht des  Holzrnarktes und d e r  
Holzwirtschaft. AFZ S., 1160-1162. 
Prinz, B., 1987: Major hypotheses and factors: causes of fores t  damage in Europe. 
Environment,  29(9). 
Puwein, W., 1987: Das Waldsterben in iisterreich und seine okonomischen Folgen. 
WfJo-Monatsberichte, 11. 
Puwein, W., 1988: iikonomische Folgen des  Waldsterbens in osterreich.  OY;: 4. 
Rehfuess, E., 1983: Emiihrungsstijrungen als U m c h e  d e r  Walderkrankungen? 
Kdi-Briqfe,  16(9). 
Reiche, J. und FWgmff G., 1987: Eigenrechte d e r  Natur und praktische 
Umweltpolitik- Ein Diskurs iiber anthropozentrische und dkozentrische 
Umweltethik. ZEl, 3. 
Richter, H.(Red.), 1987: WitterungsstreB als Ursache des  Waldsterbens. Cn;: 5. 
Riederer von Paa r ,  F., 1984a: Wirtschaftliche Auswirkungen d e r  WaldschBden im 
Forstbetrieb. AFZS., 503-506. 
Riederer von Paa r ,  F., 1984b: Gedanken iiber Auswirkungen des  Waldsterbens auf 
die private Forstbetriebe. h .C%l .  S., 171-176. 
Samuelson, P.A. ,  1976: Economics of Forestry in an  Evolving Society. Economic In- 
q u i r y ,  YUV. 
Schlaepfer, R., Gunter, R. und Schmid, B., 1986: Die Planung im Falle von 
Waldschaden in einem Forstbetrieb des schweizerischen Mittellandes. Schweiz. 
2. Forstwes., 12.  
Schonstein, R. und Schorner ,  G., 1985: Die v o l k s w i r t s c h ~ l i c h e  Bedeutung von 
Schlidigungen des  osterreichischen Waldbestandes durch  luj'tverunreini- 
gende Schadstoffe. Beitriige Umweltschutz, Lebensmittelangelegenheiten, 
Veterinarverwaltung. Forschungsberichte Hrsg. Bundesministerium fiir 
gesundheit und Umweltschutz. Wien. 
Schopfer, W., 1987: Hypothesen zur  Walderkrankung im Spiegel d e r  Inventurergeb- 
nisse. FMY, 21. 
Schulz, H., 1985: Mogliche Einflusse eines Waldsterbens auf Holzversorgung, 
Holzwirtschaft und HolzqualitZit. h.C%l.S., 243-255. 
Schulz, W.(Red.), 1986: Kosten der  LJmweltverschmutzung. UBA Berichte 7/86. Er- 
ich Schmidt Verlag Berlin. 
Schulz, W. und Wicke, L., 1987: Der 6konomische Wert d e r  Umwel t .  m, 2. 
Schulz, W., 1987: Umweltschaden k i i m i g  bezahlen oder heute vermeiden- 
Alternative Ansatze z u r  Bewertung des  Umweltschutzaspektes. Erw. und 
Uberarb.Fassung eines Vortrnges im Rahmen eines verkehrswissenschaftli- 
chen Seminars d e r  Deutschen Verkehrswissenschaftlichen Gesellschaft e .V.  
zum Thema 'Umwelt6konomie und Verkehrsplanung' am 3. Dezember in 
Karlsruhe . 
Schulz, W. rmd Wicke, L., 1988: Kosten und Nutzen des  Umweltschutzes. Wrbrau-  
cherpolitische Hme, 6. 
Schwanenbach, F.H., 1988: Forstliche Betriebsforschung im gefiihrdeten Wald in 
d e r  Schweiz heute. AFZ, 1-3. 
Schweizer Bundesamt fiir Forstwesen und Landschaftsschutz. N&hrstoffversorgung 
d e r  Schweizer Wader.  W, 6. 
Speidel, G., 1985: Die wirtschaftlichen Folgerungen des  Waldsterbens fiir die Forst- 
betr iebe am Beispiel eines Plentarwaldbetriebes des  mittleren Schwarzwaldes. 
In Die Sache mit dem W d d .  BLV-Verlag Miinchen. 
Steinlin, H., 1984: M6gliche Auswirkungen des Waldsterbens auf die Holzversorgung 
Europas. Schwsiz.Z.Forstwes., 4. 
Stemberger, T., 1987: Die wirtschqlUiche Bewertung uon WaLdschiiden. Vortmg 
an 'Workshop on Forest Decline and Reproduction: Regional and Global Conse- 
quences'. Krakaw . 
Stoklasa, J. and Duinker, P., 1908: SociaL and  Economic Consequences o f f i r e s t  
hcL ine  in Czechostouakia. Publication No. 65  of t h e  project:  Ecologically 
Sustainable Development of t he  Biospere, International Institute fo r  Applied 
Systems Analysis. Laxenburg, Austria, 
Simon, W., 1987: Betriebswirtschaftliche Entwicklung, Naturschutz und forstpoli- 
t ische Zielsetzung zwischen Okonomie und Okologie. AFZ. a 
Stolz, P., 1988: Epochen d e r  Waldgeschichte und Entwicklung d e r  eidgeniissischen 
Forstpolitik - umweltiikonomisch betmchtet .  Schweiz.ZJbrstwas., 3. 
Teufel, D., 1986: Die neuen Schweizer Immissionsschutzgrenzwerte fiir Luftschad- 
stoffe im Vergleich. AFZ, 12. 
Thoroe, C., 1984: Eine gesamtwirtschaftliche Einordnung des Problems Waldster- 
ben. AFZS., 812-817. 
Thoroe, C.; 1985: Forstwirtschaft und Waldschaden aus gesamtwirtschaftlicher 
Sicht. In Die Sache mit dem WaLd. BLV-Verlag Munchen. 
Ulrich, B., 1981: Destabilisierung von Waldokosystemen durch Akkumulation von 
Luftverunreinigungen. FHW, 21. 
Ulrich, B., 1983: StabilitSt von Waldijkosystemen unter dem Einlufl des  'sauren Re- 
gens'. AFZ, 22. 
Vester, F., 1985: Ein  Baum i s t  mehr aLs sin Baum. Kosel-Verlag, Munchen. 
Vester, F., 1987: Der Wert s ines  Vogels. Kosel-Verlag, Miinchen. 
Voss, A., 1987: Holzetnlagerung z u r  Marktentlastung bei ForstkaLamit&ten 
u n t e r  Berucksichtigung der  neuart igen Waldschiiden. Institut f u r  Forstpol- 
itik und Raumordnung. Freiburg. 
Wentzel, K.F., 1985: Oberforster Carl Reufl aus  Goslar - Bleibende Erkenntnisse 
d e r  'Rauchschadenforschung' im 1 9  Jahrhundert. WI-Berichte 560. 
Wentzel, K.F., 1987: Waldschaden - was ist nun wirklich neu? In Mensch+umweLt 
September 1887. GSF Munchen. 
Wicke, L., 1986: Die 6koLogishen MiLLiarden. Dcrs kostet d ie  zersiirte UmweLt - so 
Ennsn w t r  s i e  ret ten.  Miinchen. 
Wiebecke, C . ,  1983: Waldsch3den, Waldsterben - volkswirtschaftliche Bedeutung 
und f orstpolitische Konsequenzen. AFZ S., 697-699. 
Zimmermann, W., 1988: Riickblick auf einige wichtige forstpolitische Entscheide 
des  Bundes im J a h r e  1987. Schweiz.ZJbrshues., 4. 
Ziittl, H.W.,  1987: 'Den Wald als iikosystem begreifen'. In mansch+umweLt 1887: Pa- 
t t m t  W d d .  GSF Miinchen. 
Zuber, R., 1987: WaLdstetbar i m  ALpenraum - Situationsbericht aus den 
SchuMLeer AZpen. V o r t r a g  a n  d e r  Politischen Akademie Tutzing 24-25.9.1987. 
AFZ 
Allg.Forst-u.  J.-Ztg. 
FA 
FHW 
Fw. Cbl.  
FZ 
OF 
Schweiz .2 . f  .Forstw.  
UBA 
W+H 
Zf U 
Al lgemeine F o r s t z e i t s c h r i f t  
Al lgemeine Forst-  und Jagdzeitung 
F o r s t a r c h i v  
D e r  Fors t -  und Holzwirt 
F o r s t w i s s e n s c h a f t l i c h e s  Centra lb la t t  
Forschungszentrum 
O s t e r r e i c h i s c h e  Fors tze i tung  
S c h w e i z e r i s c h e  Z e i t s c h r i f t  f i i r  F o r s t w e s e n  
Umweltbundesamt Ber l in  
Wald + Holz  
D i e  Z e i t s c h r i f t  f i i r  Umweltpolit ik und Umwel trecht  
f i g u r e  1. Systematology of methods f o r  monetary evaluation of environmental 
values. (Source: Ewers and Schulz, 1982.) 
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Notes  f o r  F i g u r e  1. 
1. Monetary  evaluat lon .  
2. E v a l u a t i o n  by d s c l s i o n  m a k e r s  
2a. A u t h o r i t a r i a n  method - publ lc  obl lga t lon  t o  a payment  
21. e x p e n s e s  method (MI) 
211. a l t e r n a t i v e  e x p e n s e s  method (MI) 
2111. t i m e  s e r v i n g  e x p e n s e s  method (MI) 
3. Evaluation by p e r s o n s  concerned 
3 s .  Non-author i ta r ian  method 
4 Methods  t o  e v a l u a t e  t h e  p r o f l t  f o r  consumption 
4a. D l r e c t  methods  (ques t ioning p e r s o n s  c o n c e r n e d )  
4 p u r e  questioning 
411. s i m p l e  ques t ioning (MZ) 
4111. s t r u c t e r e d  ques t ioning (M3. M4) 
4 iv .  prlorlty-evaluatormethod (M5) 
4b. I n d i r e c t  methods  
4. w i t h o u t  c o n s i d e r a t i o n  of t h e  r e v e n u e  f o r  c o n s u m e r s  
4". w l t h  c o n s i d e r a t i o n  of t h e  r e v e n u e  f o r  c o n s u m e r s  
5. Methods  t o  e v a l u a t e  t h e  p r o f i t  f o r  p r o d u c e r s  
5. C o a t  s a v i n g  msthod (M13) 
Sb. P r o d u c e r s  r e v a n o e  method m l 3 )  
5c. Net  product  method (M13) 
6. E n t r y  p r i c e  method (M6) 
7 .  Cross-sxpendlture-method M) 
8. A g g r e g a t e - e x p e n d i t u r e m e t h o d  (Ma) 
9. U s e r  t l m e  mathod (M9) 
10. Land v a l u e  method W10)  
11.  T r a v e l  c o s t  epproach (U11) 
12. Demand c u r v e  e s t i m t l o n  (CCK method)  (M12) 
mgure 2. Development of growing stock of the spruce according to the scenarios 
in the Federal Republic of Germany. (Source: Ewers et d., 1986.) 
Notes for Figure 2: 
1. Crowing stock in million cubic meters outside bark. 
2. Reference Scenario (RES) 
3. Trend-Scenario (LES - low emissions) 
4. Status-quo-Scenario (HES - high emissions) 
5. Tlme scale 
Figure 3. Temporal development of the spruce surface area in commercial forests, 
divided into age classes of 20 years according to the scenarios in the Federal 
Republic of Germany. (Source: Ewers et d., 1986.) 
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Notee for  Flgure 3: 
1. Reference4cenario - RES 
2. Trend-Scenarlo - LBS (low emisaiona) 
3. Status-quoScenario - HE5 (high emissions) 
4. P o r e d  area in million hectares 
5. Age c lass  
6. Time scale 
lC'ivure 4. Total production and utilization of wood in t he  FRG, in million m3. 
(Source: Ewers et d., 1986.) 
Notes f o r  Figure 4. 
Total production of wood: 88.543 
Production: fellings: 27.522, waste  paper: 10.346 
Import: 50.678; roundwood: 4.07, semi-factured art ic les:  40.258, manufactured goods: 6.347 
Utiliaation of wood: 88.540 
Consumption of wood: 63.827, consumption of wood and waste  paper: 63.827 
Export: 24.716; round wood: 2.864, semi-factured art ic les:  14.764, manufactured goods: 7.068 
f igure  5. Comparison of Limber demand and timber supply according to  the dif- 
ferent scenarios in the FRG. (Source: Ewers et al., 1986.) 
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Notes f o r  Figure 5a. 
1. RES: Coniferous wood 
2. Supply of roundwood 
3. Demand of roundwood 
4. Supply of indus t r ia l  wood 
5. Demand of indus t r ia l  wood 
A b b .  3.2.23: Trend-Szenar io  1 
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0 Notes f o r  Figure 5b. 
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FXgura 3 continued. 
Abb.  3.2.24: Trend-Szenar io  1 
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Notes for  Figure 5c. 
r 1. LES: Oversupply of coniferous wood 
2. Annual values 
3. Cumulated values 
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A b b .  3.2.25: Status-Quo-Szena~zo I 
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Notes for  Figure 5d. 
1. HES: Coniferous wood 
2. Supply of roundwood 
3. Demand of roundwood 
4. Sanitation fellings spruce 
5. Supply industrial wood 
6. Demand industrial wood 
7. Sanitation fel l ings spruce 
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-re 3 continued. 
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Notes  f o r  Figure 5e .  
1. EIES: Oversupply coniferous roundwood 
2. Annual va lues  
3. Cumulated va lues  
f i g u r e  6. Derivations from the expected fellings according to the scenario- 
variants from the Reference Variant (all tree species) in Bavaria. (Source: Bar- 
telheimer cit .  Encke, 1988.) 
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Notes for Figure 6. 
1. Heavy roundwood and smell roundwood 
2. Industrial wood 
3. Optimistic 
4. Probably 
5. Pessimistic 
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f i g u r e  8. The mass-value-relation for t he  spruce,  I1 yield class, moderate thinning 
(Wiedemann), rotation 100 years ,  taken f r o m  t he  increment reduction simulation 
model. (Source: Mohring, 1986.) 
Notes for Figure 8. 
1. Loss of value in X 
2. Loss of growth in X 
lFEgure 8. Annual sanitation felling in percentage of normal annual fellings 
(Source: F a s e r ,  1985.) 
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Notes for Figure 9. 
1. Sanitation fellings in X of the normal fellings 
2. Disadvantageous 
3. Middle 
4. Ueual fellinge (30 million cubic rnetere inside bark) 
5. Advantageous 
6. Time 
f i g u r e  10. Timber production and the hypothetical timber price. (Source: Fahser, 
1985. ) 
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Notes  f o r  Flgure  10. 
1. Price of roundwood/cubic m e t e r  or wood supply/year  (in X of usual  f e l l ings )  
2. Above t h e  llne: uaual f e l l lnge  30  mill lon cublc  meters ,  below t h e  l lne: pr i ce  
o f  roundwood 100  DWcoblc  m e t e r  
3. Time 
4. - Tota l  supply  
5. - Reduced roundwood eupply (s torage,  r o t t e n  wood) 
f i g u r e  fi. Principle graphics of the factors  influencing operational results in 
forest  damage scenarios in Switzerland. (Source: Basler et al., 1986.) 
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Notea for Pigure 11. 
1. Increment m3/ha 
2. Fellings m3/ha 
3. Crowing stock m3/ha 
4. Costa of harvests sfr/m3 
5. Other management unit costa Sfr/m3 
6. Timber net proceeda sfr/m3 
7. Time 
figure 12. Development of the growing stock due to forest damage in Switzerland. 
(Source: Basler et at., 1986.) 
Notes for Figure 12. 
1. Value of the growing stock million Sfr 
2. Undamaged forest 
3. Forest decline scenario 
4. Time 
